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FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986
(Public Law 99-499) extended and amended the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous
substances which are most commonly found at facilities on the CERCLA
National Priorities List and which pose the most significant potential
threat to human health, as determined by ATSDR and the Environmental
Protection Agency (EPA). The lists of the 250 most significant
hazardous substances were published in the Federal Register on April 17,
1987; on October 20, 1988: on October 26, 1989; and on October 17, 1990.
A revised list of 275 substances was published on October 17, 1991.

Section 104(i)(3) of CERCLA, as amended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile must include the following content:

(A) An examination, summary, and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute,
subacute, and chronic health effects.

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects.

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with
guidelines developed by ATSDR and EPA. The original guidelines were
published in the Federal Register on April 17, 1987. Each profile will
be revised and republished as necessary.

The ATSDR toxicological profile is intended to characterize
succinctly the toxicological and adverse health effects information for
the hazardous substance being described. Each profile identifies and
reviews the key literature (that has been peer-reviewed) that describes
a hazardous substance’s toxicological properties. Other pertinent '
literature is also presented but described in less detail than the key
studies. The profile is not intended to be an exhaustive document;

however, more comprehensive sources of specialty information are
referenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance’s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance's health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
,Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statenent was prepared to give you information about tin and its
compounds and to enphasi ze the human health effects that may result from
exposure to it. The Environnental Protection Agency (EPA) has identified
1,300 sites on its National Priorities List (NPL). Tin has been found in at
| east 11 of these sites. However, we do not know how many of the 1,300 NPL
sites have been evaluated for tin. As EPA eval uates nore sites, the nunber of
sites at which tin is found may change. This infornmation is inportant for you
to know because tin may cause harnful health effects and because these sites
are potential or actual sources of human exposure to tin.

When a chemical is released froma |arge area, such as an industrial
plant, or froma container, such as a drumor bottle, it enters the
envi ronment as a chem cal emission. This enmission, which is also called a
rel ease, does not always |ead to exposure. You can be exposed to a chemi ca
only when you come into contact with the chemcal. You nay be exposed to it
in the environnent by breathing, eating, or drinking substances containing the
chem cal or fromskin contact with it.

If you are exposed to a hazardous chem cal such as tin, several factors
wi Il determ ne whether harnful health effects will occur and what the type and
severity of those health effects will be. These factors include the dose (how
much), the duration (how long), the route or pathway by which you are exposed
(breathing, eating, drinking, or skin contact), the other chemcals to which
you are exposed, and your individual characteristics such as age, sex,
nutritional status, famly traits, life style, and state of health

1.1 WHAT IS TIN?

Tin is a soft, white, silvery netal that is insoluble in water. Tin
netal is used to make cans for food, beverages, and aerosols. It is present
in brass, bronze, pewter, and sone soldering materials.

Tin is a nmetal which can conbine with other chemcals to form conpounds.
When tin is conbined with chemicals such as chlorine, sulfur, or oxygen, it is
called an inorganic tin conpound. Inorganic tin conpounds are found in snal
anounts in the earth's crust. They are present in toothpaste, perfunes,
soaps, coloring agents, and dyes.

Tin can al so conbine with carbon-containing materials to form organotin
compounds. These conpounds are used in making plastics, food packages,
pl astic pipes, pesticides, paints, wood preservatives, and rodent (rats and
m ce) repellants.

There can be tin netal, as well as inorganic and organic tin conmpounds
inthe air, water, and soil near places where they are naturally present in
t he rocks, mined, manufactured, or used. The tinme each tin conpound stays in
air, water, or soil differs from compound to conpound

Further information on the properties and uses of tin and its conpounds
and how they behave in the environnent is found in Chapters 3, 4, and 5.
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1.2 HOWMGHT | BE EXPCSED TO TI N?

Tinis present in the air, water, soil, and landfills and is a nornal
part of many plants and animals that live on land and in the water. Tin is
al so found in the tissues of your body. W do not clearly understand how it
gets there, howlong it stays, or whether it is needed for your good health
and nutrition.

Tin is found naturally in food in amunts of 0.1-1 parts per mllion
(ppm. You can be exposed to tin when you eat food or drink juice or other
liquids fromtin containers. Canned food fromlacquered cans contains |ess
than 25 ppmof tin since the |acquer prevents the food fromreacting with the
tin. Food from unlacquered cans contains up to 100 ppmof tin since the
reaction of the food with the can causes sone of the tin to dissolve in the
contents of the can. Although the tin content of canned food is usually | ow,

t he anbunt can be increased when the food is stored in open cans for a long
time. You can al so be exposed to higher-than-normal |evels of tin when you
work in a factory that nakes or uses tin. Because tin conpounds have many
uses, you can be exposed by breathing in tin dusts or fumes or getting tin
compounds on your skin. Tin compounds can also be spilled accidentally. If
you live near a hazardous waste site, you could be exposed by breathing dusts,
touching materials, or drinking water containing tin.

Humans are usually exposed to far less than 1 ppmtin in the air and in
wat er. The anmounts in air and water near hazardous waste sites could be nore.
Young children sonetinmes eat soil during play. Mdst soil contains about
0.89 ppmtin. Some soils may contain as nmuch as 200 ppmtin.

Addi tional information on how you can be exposed to tin conpounds is
given in Chapter 5.

1.3 HOW CAN TI N ENTER AND LEAVE MY BCDY?

Tin can enter your body when you eat contam nated food or drink
contam nated water, when you touch or eat soil that has tin in it, or when you
breathe tin-containing funes or dusts. Exposure to contam nated air, water
and soil are ways tin compounds can enter your body near hazardous waste
sites. When you eat tin in your food, very little | eaves the gastrointestina
tract and gets into your bloodstream Mst tin travels through the intestines
and | eaves your body in the feces. Some |eaves your body in the urine. If
you breathe air containing tin dust or funes, sone of the tin could be trapped
in your lungs, but this does not affect your breathing if it is a snal
amount. |If you swallow sone netallic tin particles, they will |eave your body
in the feces. Very little tin can enter the body through unbroken skin. Your
body can get rid of nost inorganic tin in weeks, but sone can stay in your
body for 2-3 nonths. Inorganic tin conpounds |eave your body very quickly,
nost are gone within a day. Very small ampunts of tin stay in sonme tissues of
your body, like the bones, for |onger periods of tine.
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Further information on howtin enters and | eaves your body is given in
Chapter 2.

1.4 HOWCAN TIN AFFECT MY HEALTH?

Because the inorganic tin conpounds usually enter and | eave your body
rapidly when you breathe themor eat them they do not usually cause harnfu
ef fects. However, human and ani mal studies show that |arge anbunts of these
tin conmpounds can cause stomach aches, anem a, liver and kidney problens, and
skin and eye irritation. Individual organic tin conpounds can cause problens
wi th your breathing. They can interfere with the way your brain and nervous
system work. Sone of these conpounds weaken your body's ability to protect
you from di sease. lnorganic tin conpounds do not affect reproductive
functions, produce birth defects or cause genetic changes. Inorganic tin
compounds do not cause cancer. W do not know at this time if organic tin
compounds found in pesticides, plastics, and paints can cause cancer. One
organic tin conmpound used as a pesticide has been called a possible cancer
causi ng substance by the EPA because of pituitary tunmors found in fermale rats
during one study.

More information on the health effects of tin in humans and animals is
found in Chapter 2.

1.5 |S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO TI N?

Because you always have sone tin in your body, tests on your urine and
feces can be done to tell you something about how much tin is in your body,
but not when or how it got there. Such tests, therefore, have linmted val ue
as nmethods of nonitoring tin exposure, although they can be useful when
exposure concentration are well above the background | evels of tin from food
and ot her environnmental nedia.

Further information on how tin can be nmeasured in exposed humans is
presented in Chapters 2 and 6.

1.6 WHAT RECOMVENDATI ONS HAS THE FEDERAL GOVERNVENT MADE TO PROTECT HUMAN
HEALTH?

Several government agencies and the Congress have acted to protect human
health by regulating tin conpounds. The EPA has limted the use of certain
organotin conmpounds in paints. The Cccupational Safety and Health
Admi nistration (0.9% has established workpl ace exposure limts of
0.1 mlligrans per cubic meter of air (ng/m) for organotin conpounds, and
0.2 mg/ i for tin and inorganic tin conpounds. The Food and Drug
Admi nistration (FDA) regul ates the use of sone organic tin conpounds in
coatings and plastic food packagi ng.

Addi tional information on governmental regulations and gui delines
regarding tin and conmpounds is found in Chapter 7.
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1.7 WHERE CAN | GET MORE | NFORMATI ON?

If you have any nore questions or concerns not covered here, please
contact your community or state health or environnmental quality department or:

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy

1600 difton Road NE, E-29

Atl anta, Georgia 30333

This agency can al so provide you with information on the | ocation of the
nearest occupational and environnental health clinic. Such clinics specialize
in recognizing, evaluating, and treating illnesses that result from exposure
t o hazardous substances.
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2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
of ficials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of inorganic tin and
organoti n conmpounds and a depiction of significant exposure |evels associ ated
with various adverse health effects. It contains descriptions and eval uations
of studies and presents levels of significant exposure for inorganic tin and
organoti n conpounds based on toxicol ogi cal studies and epi dem ol ogi ca
i nvestigations.

Because there is such a |l arge number of inorganic tin and organotin
conmpounds, only representative conpounds have been sel ected for the discussion
of health effects. The selection of conpounds has been based on the
appropri ateness of the data for a given route of adm nistration as well as the
specific health effects and toxicol ogical end points bei ng consi dered.

Li kewi se, human or ani mal studi es have been selected to illustrate specific
health effects. However, additional references, review articles, and
governnent reports are provided as applicable in order to assist the reader in
understanding nore fully the toxicol ogy of the tin conpounds.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living
or worki ng near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal--and then
by health effect--death, systenic, imunol ogical, neurol ogical, devel opnental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed
in terns of three exposure periods--acute (less than 15 days), internediate
(15- 364 days), and chronic (365 days or nore).

Level s of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures show ng no-
observed- adverse-effect |evels (NOAELS) or | owest-observed-adverse-effect
| evel s (LOAELs) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "l ess serious" or "serious"
effects. These distinctions are intended to help the users of the docunent
identify the levels of exposure at which adverse health effects start to
appear. They should also help to determ ne whether or not the effects vary
wi th dose and/or duration, and place into perspective the possible
significance of these effects to human health

The significance of the exposure levels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites may want information on | evels of exposure
associated with nore subtle effects in humans or animals (LOAEL) or exposure
| evel s bel ow which no adverse effects (NOAEL) have been observed.
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2.2.1 Inhal ati on Exposure

Little informati on has been published regarding the effects of inhaled
i norganic tin or organotin conpounds on hunman health. Reports of human
occupati onal exposures often involve nmultiple chemcals and | ack details on
actual exposure concentrations and conditions. Sonme reports of humans nust

al so be regarded as anecdotal. The older animal literature (fromthe 1950s)
i ncludes inhalation studies that are lacking in the description of nethods and
in the reporting of experimental findings. However, it is still possible to

characterize sone aspects of tin toxicity due to inhalation of inorganic tin
and organotin conpounds. Exposure |evels of the inhaled organotin conmpounds
are expressed as mlligrams per cubic meter (ng/m) of the specific tin
conmpound unl ess ot herw se noted. Doses are not expressed as doses of tin due
to the covanent bond between the tin and the organic noiety. There are no
data for specific inorganic tin conpounds. Calculations of parts per mllion
(ppm val ues are included as appropriate. Table 2-1 and Figure 2-1 sunmmari ze
avai l abl e quantitative information on health effects that have been observed
in animals after inhalation exposure to various organotin conpounds. Exposure
| evel s are expressed as ppmin Table 2-1 and Figure 2-1 as well as in

Section 1.4. A table and figure are not presented for inorganic conpounds due
to limtations of the avail abl e studies.

2.2.1.1 Death

I norganic Tin Conpounds. No studies were |ocated regarding lethality in
humans or animals after inhalation exposure to inorganic tin conpounds.

Organotin Conpounds. Deat hs have been reported in humans foll ow ng
exposure to organotins. One worker of 6 died 12 days foll ow ng exposure to a
m xture of half dinethyltin and half trinmethyltin chloride vapor that occurred
during the cleaning of a caldron at a chemical plant. Maxi mum exposure was a
total of 1.5 hours over a 3-day working period (Rey et al. 1984). No
estimates of exposure |levels were given. The synptons precedi ng death
i ncluded excretion of high levels of tinin the urine, respiratory depression,
and cona. Mdre uncertain is the report of a fenale worker who died foll ow ng
a drenching with triphenyltin chloride, diphenyltin dichloride, and other
unidentified conmpounds. No estinmates of exposure |evels were given. Death
was apparently caused by renal failure 12 days after exposure (N OSH 1976).

No ot her studies were | ocated regarding lethality in humans after inhal ation
exposure to organotin compounds.

Lethality in mce was observed following single or repeated daily
exposures to a butyltin mxture (81.2%tributyltin bromde and 3. 7% di butyltin
di brom de) together with other unidentified conpounds (15.1% (Igarashi 1959).
The concentration was 5.65 ng tin/n8 (1.16 ppn) as the butyltin mxture for
di fferent durations of exposure. The tributyltin brom de concentrati on was
1.1 ppmand that for dibutyltin brom de was 0.06 ppm For a 2-day, 8-hour/day
exposure, approximtely 80% 90% of the exposed mice died. Despite the
observation of other signs of toxicity (see Section 2.2.1.2) the exposure of
the mice to multiple conpounds confound the interpretation of the data.



TABLE 2-1. Levels of Significant Exposure to Organotin Compounds ~ Inhalation
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Specles duration System (ppm) (ppm) (ppm) Reference Form
ACUTE EXPOSURE
Death
1 Mouse 2 d 1.1 (80-100% fatality) Igarashi 1959 C,,H,,BrSn
8hr/d
Systemic
2 Mouse 6 d Cardio 0.42 Igarashi 1959 C,.H,,BrSn
7hr/d Hepatic 0.42 (blood congestion)
Renal 0.42 (glomerular
swelling, tubular
epithelial
lesions)
Reproductive
3 Rat 10 d 0.39 (407 decrease in Iwamoto 1960 C,,H,,BrSn
S5hr/d reproduction)
INTERMEDIATE EXPOSURE
Systemic
4 Rat 95 d Resp 0.3 (lung hyperemia, Gohlke et al. C,,H,,Cl8n
6hr/d catarrhal 1969
bronchitis)
Hepatic 0.3 (minor fatty
degeneration)
Derm/Oc 0.3 (inflamed eyes,
nostrils)
5 Rat 80 d Resp 0.39 (bronchitis, Iwamoto 1960 C,.H,,BrSn
edema)
Cardio 0.39 (myocardial
atrophy)
Hepatic 0.39 (atrophy,
necrosls)
Renal 0.39 (swelling and
congestion)
Other 0.39 (splenic hyper-

plasia, thickened
sheaths)

T
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TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference Form
Reproductive
6 Rat 80 d 0.39 Iwamoto 1960 C,.H,,BrSn

°The number corresponds to entries in Figure 2-1.

C,H,,FSn = tributyltin fluoride: C,,H,,ClSn = tributyltin chloride; Cardio = cardiovascular; d = day(s); Derm/oc = dermal/ocular;
hr = hour(s); LC50 = lethal concentration, 50% kill: LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect
level; Resp = respiratory

C
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FIGURE 2-1. Levels of Significant Exposure to Organotin Compounds - Inhalation
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Reliable LOAEL values for lethality in rats and mice derived fromacute
duration studies are recorded in Table 2-1 and Figure 2-1

2.2.1.2 System c Effects

No studies were |ocated regardi ng cardi ovascul ar, gastrointestinal,
henmat ol ogi cal , or nuscul oskeletal effects in humans or aninmals after
i nhal ati on exposure to inorganic tin or organotin conpounds.

The hi ghest NOAEL val ues and all reliable LOAEL val ues for systenic
effects in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-I

Respiratory Effects

I norgani c Tin Conpounds. Stannic oxide dust or funes produce a benign
form of pneunoconi osis, known as stannosis, in humans (Cutter et al. 1949;
Dundon and Hughes 1950; Pendergrass and Pryde 1948). The workers exhibiting
this pul nobnary condition had industrial exposures ranging from15 to 20 years.
No exposure levels were included in the case reports. In all cases, chest
x-rays of the workers showed di screte opaque shadows throughout the |ungs,
attributed to stannic oxi de deposits. However, there was no inpairnent of
pul monary function or system c disease. It has al so been reported that x-rays
of tin foundry workers confirned nore than 150 cases of stannosis by 1959
(St oki nger 1981).

No studies were |located regarding respiratory effects in animals after
i nhal ati on exposure to inorganic tin conpounds.

Organotin Conpounds. Respiratory depression requiring artificia
ventilation occurred in three of six chenmical workers. The exposure duration
was a total of 1.5 hours over a 3-day working period to a m xture contai ning
hal f dimethyltin and half trinmethyltin chloride (Rey et al. 1984). Although
the two surviving workers, who were the nost severely affected, devel oped
per manent neurol ogical disabilities, respiratory problenms did not persist.

Bi s(tributyltin)oxide has been inplicated in producing irritation of the
upper respiratory tract and chest irritation, tightness, and pain in workers
using a rubber material containing bis(tributyltin)oxide. Exposure conditions
were not described. No changes were observed in pul nonary function tests
(NI CSH 1976) .

I nfl anmat ory changes consi sting of hyperem a and bronchitis were
observed in the respiratory systemof rabbits exposed to 4-6 ng/ni
(0.30-0.45 ppm tributyltin chloride for 95 days (CGohl ke et al. 1969).

H st opat hol ogy, consisting of severe bronchitis and vascul ar and al veol ar
edema, was seen in rats exposed to 2 ng tin/ni (0.41 ppm) as a mixture of
tributyltin dibrom de (0.39 ppm, dibutyltin brom de (0.02 ppn) and
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hydrocarbon inpurities for 80 days (lwanpbto 1960). Since these were termnal
hi st opat hol ogi cal evaluations only, it is not known whether the changes were
reversi ble or would have produced functional inpairnent in the aninmals if
exposure had conti nued.

Hepatic Effects.

I norgani c Tin Conpounds. No studies were |ocated regarding hepatic
effects in humans and animals after inhalation exposure to inorganic tin
compounds.

Organotin Conmpounds. Data concerning hepatic effects of organotins in
humans and aninmals are limted.

Aut opsy of the chemi cal worker who died foll owi ng exposure to a
conmbi nation of nethyltin salts (see Section 2.2.1.1) reveal ed nassive fatty
degeneration of liver cells and necrosis (Rey et al. 1984). This is an
important finding since liver toxicity is a constant health effect of exposure
to organotin conpounds, particularly by the oral route of exposure (see
Section 2.2.2.2).

H st ol ogi cal change in the liver of rats, consisting of fatty
degenerati on, was observed at necropsy of animals killed after a 95-day
exposure to 4-6 ng/ m (0.30-0.45 ppn) tributyltin chloride (Gohlke et al.
1969). Hi st opathol ogy, consisting of atrophy and slight necrosis of the
liver, was seen in rats exposed to 2 ng tin/ni (0.41 ppm) as a nixture of
tributyltin dibrom de (0.39 ppm, dibutyltin brom de (0.02 ppn) and
hydrocarbon inpurities for up to 80 days as part of a study of reproductive
function (Iwanpto 1960). Atrophy of the liver cells increased with exposure
duration in the females. Internmediate sacrifice of the mal es was not
conducted. Sone recovery was apparent if exposure to tin was stopped prior to
sacrifice. The longer the duration of exposure, the |ess conplete the
recovery.

Renal Effects

I norgani c Tin Conpounds. No studies were |ocated regardi ng renal
effects in humans and aninmals after inhalation exposure to inorganic tin
compounds.

Organotin Conmpounds. Data concerning renal effects of organotins in
humans and animals are limted.

Aut opsy of the one chem cal worker who died foll owi ng exposure to the
conmbi nation of the nmethyltin salts (see Section 2.2.1.1) reveal ed shock
ki dneys (i.e., proximl tubule degeneration) (Rey et al. 1984). This
represents a serious tubul e change. The other five exposed nmen had high tin
concentrations in the urine with the highest levels occurring in the nost
severely affected.
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I nhal ati on exposure of mice to a concentration of 5.65 ng tin/n
(1.16 ppm as a mixture of tributyltin bromde (1.1 ppn), dibutyltin brom de
(0.06 ppm and hydrocarbon inpurities for 7 hours per day over 6 days produced
pat hol ogi cal changes in the kidney (lgarashi 1959). Necropsy of aninals
reveal ed slight degenerative changes in the glonmeruli, convoluted tubules, and
collecting tubules as well as extramedull ary hemat opoi esis. Mre extensive
ki dney pat hol ogy was observed in rats exposed to 2 ng tin/ni (0.4 ppm) as
tributyltin bronmide, and 0.39 dibutyltin brom de) (0.02 ppm for 2 hours per
day for 80 days. Kidney damage consisted of extensive congestion and swelling
of the renal tubular epithelium (lwanoto 1960).

Dermal / Ocul ar Effects.

I norganic Tin Conmpounds. MId irritation of the skin and nucous
menbranes is known to be caused by inorganic tin salts (WHO 1980). However,
no specific studies were |ocated regarding dernal/ocul ar effects in humans and
animals after inhalation exposure to inorganic tin conpounds.

Organotin Conmpounds. No studies were | ocated regardi ng dermal/ocul ar
effects in humans after inhalation exposure to organotin conpounds.
Occupati onal exposure produces such effects as discussed in Section 2.2.3. 1.

Dermal effects were observed during inhalation studies in mce that were
exposed to a butyltin mxture (30 parts tributyltin bronide to 1 part
di butyltin bronide) and consisted of reddening of the skin and dilatation of
t he bl ood vessels of the nose, feet, and tail (lgarashi 1959). Inflamed eyes
and nasal nucous nenbranes were observed in the |ast nonth of a 95-day
i nhal ati on study of tributyltin chloride in female rats (CGohlke et al. 1969).
Concentrations of 4-6 nmg/m (0.30-0.45 ppm) for 6 hours/day, 5 days/week were
used. Fromthese acute- and internediate-duration studies with different
conmpounds, the skin and eye irritation potential of organotins was
denonstr at ed

2.2.1.3 I munol ogi cal Effects

No studies were | ocated regarding i nmunol ogi cal effects in humans or
animals after inhalation exposure to inorganic tin or organotin conpounds.
However, sone | ynph node atrophy was observed in rats exposed to a butyltin
m xture for 14 days (lwanoto 1960) (see Section 2.2.1.6).

2.2.1.4 Neurological Effects

I norgani c Tin Conpounds. No studies were |ocated regardi ng neurol ogi ca
effects in humans and animals after inhalation exposure to inorganic tin
compounds.

Organotin Conmpounds. One study provides sonme information on
neur obehavi oral changes in humans after exposure to organotin compounds
(dinmethyl and trinethyl tin chloride). Case reports on six chem cal workers
exposed to the nethyltins, describe headache, tinnitus, deafness, inpaired
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menory, disorientation, aggressiveness, psychotic and other severe

neur opsychi atri c behavi or, syncope, and | oss of consciousness as synptons of
exposure. The two surviving workers with the highest urinary tin levels

exhi bited fixed neurol ogical effects which were not resolved nore than 6 years
after exposure. The remaining three survivors returned to work but had nenory
| oss which persisted for 6 nonths (Rey et al. 1984).

No ot her studies were | ocated regardi ng neurol ogical effects in humans
after inhalation exposure to organotin conpounds.

The neurotoxicity of trinethyltin and other organotin compounds has been
studi ed extensively follow ng oral exposure in aninmals (see Section 2.2.2.4).
However, no definitive studies were |ocated regardi ng neurol ogi cal effects in
animal s after inhalati on exposure to organotin conmpounds. It was reported
that no hi stopathol ogi cal changes were observed in the brains of mce froma
6-day inhal ati on exposure to 2.12 ng tin/m (0.44 ppm as a mxture of
tributyltin bronide (0.42 ppm dibutyltin brom de (0.02 ppm) and hydrocarbon
i mpurities (lgarashi 1959).

2.2.1.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans or
animals after inhalation exposure to inorganic tin or organotin conpounds.

2.2.1.6 Reproductive Effects

I norganic Tin Conmpounds. No studies were | ocated regardi ng reproductive
effects in humans or animals after inhalation exposure to inorganic tin
conmpounds.

Organotin Conmpounds. No studies were | ocated regardi ng reproductive
effects in humans after inhalation exposure to organotin conpounds.

Rats were exposed to a nominal concentration of 2 ng tin/nmi (0.41 ppn) as
a mxture of tributyltin bromde (81.2% with other conpounds such as
di butyltin dibronmide in acute- and intermedi ate-duration exposures to assess
reproductive effects (lwanpoto 1960). This tin exposure was equivalent to
0.39 ppmtributyltin brom de and 0.02 ppmdi butyltin brom de. Pregnancy rates
were nmarkedly reduced after 4 weeks to 3 nonths of exposure; however, at |east
partial reversibility of the effects was seen when exposure was di sconti nued.
H st opat hol ogi cal eval uations were nade in separate studies of different
exposure durations (14-80 days) foll owed by recovery periods. No changes were
seen in nmales but atrophy of the glandul ar uterus was observed as early as
14 days of exposure in femal es. Exanmi nations of other tissues reveal ed
system ¢ | ynmph node and |iver atrophy as early as 14 days of exposure. Al
effects were reversible during the recovery period. Al though a m xture of
butyltin conpounds was used, the results of this study suggest sone inpairnent
of female reproductive functions after inhalation of the conpounds.



14

2. HEALTH EFFECTS

No ot her studies were | ocated regardi ng reproductive effects in animals
after inhalation exposure to organotin conpounds.

2.2.1.7 CGenot oxi c Effects

No studies were |ocated regardi ng genotoxic effects in humans and
animals after inhalation exposure to inorganic tin or organotin conpounds.
Genotoxicity studies are discussed in Section 2.4.

2.2.1.8 Cancer

No studies were |ocated regardi ng cancer effects in hunmans and ani mal s
after inhalation exposure to inorganic tin or organotin conpounds.

2.2.2 Oal Exposure

In contrast to the limted information on the inhalation toxicity of tin
compounds (Section 2.2.1), there are nore data regarding potential effects of
i ngested or orally adm nistered organotin conpounds, particularly as eval uated
and characterized in animal studies. Al though there is less information
concerning health effects produced by oral exposure to inorganic tin
compounds, the data from ani mal studies do allow some characterization of
health effects of these conpounds. Dosages are expressed as nmilligranms of tin
per kil ogram of body weight per day (ng tin/kg/day) as the specific inorganic
tin conmpound fed or adninistered orally. Table 2-2 and Figure 2-2 summarize
avail abl e quantitative information on health effects that have been observed
in animals after oral exposure to inorganic tin conpounds. Simlar
i nformation for organotin conpounds is given in Table 2-3 and Figure 2-3.
Dosages are expressed as ng/ kg/day as the specific organotin conpound due to
t he coval ent bond between the tin and the organi c noiety.

2.2.2.1 Death

I norganic Tin Conpounds. No studies were |ocated regarding lethality in
hunmans after oral ingestion of inorganic tin conpounds.

In animals, the | owest oral dose that produced deaths in rats foll ow ng
a single gavage adninistration was 473 ng/ kg body wei ght stannous chloride
(NTP 1982,). However, all rats survived doses up to 945 ny/ kg/day when the
compound was fed in the diet for 14 days (NTP 1982). For mce, the | owest
oral dose producing death follow ng a single gavage admnini strati on was
378 ny/ kg body wei ght stannous chloride (NTP 1982). Al nice survived the
14-day feeding of the conpound up to dietary levels of 2,457 ng/kg/day. These
studies were perforned in order to set doses for the chronic bioassay of
stannous chloride in rats and mice (see Section 2.2.2.8).



TABLE 2-2. Levels of Significant Exposure to Inorganic Tin Compounds - Oral
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg Sn/kg/day) (mg Sn/kg/day) (mg Sn/kg/day) Reference Form
ACUTE EXPOSURE
Death
1 Rat (GW) 1 d 473 (1/5 females died NTP 1982 SnCl,
1x/d on day 3)
2 Mouse (GW) 1.4 378 (1/5 males and 1/5 NTP 1982 SnCl,
1x/d females died on
day 3)
Systemic
3 Mouse (F) 14 d Other 1229 (males and NTP 1982 SnCl,
7d/wk females gained
less weight
than those in the
lowest dose
group)
INTERMEDIATE EXPOSURE
Death
4 Rat (F) 13 wk 315 (4/10 males died) deGroot et al. SnCl,
7d/wk 1973
Systemic
5 Rat (F) 4wk Cardio 315 deGroot et al. SnCl,
7d/wk Gastro 95 315 (slightly 1973
distended small
and large
intestines)
Hemato 32 95 (decreased
hemoglobin and
hematoecrit)
Hepatic 32 95 (bile duct hyper-
plasia, homo-
geneous cell
cytoplasm)
Renal 315
Other 32 95 (30X decreased
body weight gain
and decreased
food intake)
6 Rat (F) 4 wk Cardio 390 deGroot et al. SnS
7d/wk Hemato 117 390 (significant 1973
increase in
hematocrit
in males)
Hepatic 390
Renal 390
Other 390
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg Sn/kg/day) (mg Sn/kg/day) (mg Sn/kg/day) - Reference Form
7 Rat (F) 4 wk Cardio 325 deGroot et al. Sn,(PO,),
7d/wk Gastro 98 325 (slightly 1973
distended small
and large
intestine)
Hemato 33 98 (decreased
hemoglobin and
hematocrit)
Hepatic 9.8 33 (liver
enlargement
in females)
Renal 325
Other 33 98 (30X decreased
body weight gain
in males)
8 Rat (F) 13 wk Cardio 440 deGroot et al. $n0
7d/wk Hemato . 440 1973 A
Hepatic 440
Renal 440
Other 440 ja ol
9 Rat (F) 4 wk Gastro 7.9 (increased Janssen et al. $nCl, EE
7d/wk intestinal 1985 5 ~
length) o o
Hemato 7.9 (decreased
hemoglobin) tx1
Other 7.9 (17X lower body i
weight as )
compared to E’g
controls) N
w
10 Rat (F) 13 wk Cardio 315 deGroot et al. SnCl,
7d{wk Gastro 315 (distended 1973
intestines)
Hemato 32 95 (decreased
hemoglobin and
hematocrit)
Hepatic 32 95 (decreased
alkaline
phosphatase,
decrease in
cytoplasmic
organelles)
Renal 315
Other 32 98 (decreased body 315 (decreased body
weight compared weight as
to controls compared to
[>10%] and controls [40%]
decreased food caused
intake for the termination of

first 2 weeks) level - week 9)




TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration: System (mg Sn/kg/day) (mg Sn/kg/day) (mg Sn/kg/day) Reference Form
11 Rat (F) 4 wk Cardio 85 deGroot et al. Sn(C,H;50,),
7d/wk Hemato 85 1973
Hepatic 85
Renal 85
Other 85
12 Rat (F) 4 wk Cardio 390 deGroot et al. Sn0,
7d/wk Hemato 390 1973
Hepatic 390
Renal 390
Other 390
13 Rat (F) 4 wk Cardio 275 deGroot et al. SnSO,
7d/wk Gastro 275 1973
Hemato 28 83 (decreased

hemoglobin and
hematocrit)
Hepatic 83 275 (slightly
decreased liver/
body weight
ratio, homogenous
cell cytoplasm)

Renal 275

Other 28 83 (162 decreased
body weight gain
and decreased
food intake in
males)

14 Rat (F) 4 wk Cardio 220 deGroot et al. SnC,H,04
7d/wk Hemato 22 66 (decreased 1973

hemoglobin and
hematocrit)
Hepatic 66 220 (bile duct hyper-
plasia, homo-
genous cell

cytoplasm)

Renal 220

Other 22 66 (11% decreased
body weight gain
in males)

15 Rat (F) 13 wk Gastro 60 120 (gross distention NTP 1982 snCl,
7d/wk of cecum and

reddened gastric
mucosa)

Cardio 236

Hemato 236

Hepatic 236

Renal 236

Other 236 (7.8% lower body
weight as

compared to
controls)

C
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure?® Species Route duration System (mg Sn/kg/day) (mg Sn/kg/day) (mg Sn/kg/day) Reference Form
16 Rat (F) 4 wk Gastro 28 (change in Janssen et al. SnCl,
7d/wk intestinal 1985
morphology)
17 Rat (F) 4 wk Cardio 285 deGroot et al. SnC,0,
7d/wk Hemato 29 86 (decreased 1973

hemoglobin and
hematocrit)
Hepatic 29 86 (blle duct hyper-
plasia, homo-
genous cell

cytoplasm)
Renal 285
Other 29 86 (1B-25X% decreased
body weight gain
and decreased
food intake) o
18 Mouse (F) 13 wk Gastro 157 311 (gross distention NTP 1982 snCl,
7d/wk of the cecum)
Cardio 2457 jas
Hemato 2457 1
Hepatic 2457 >
Renal 2457 5 ~
Other 157 (11.7% decreased oS P
body weight gain
in males) =1
o
s2l
CHRONIC EXPOSURE Eg
=
Death 73]
19 Rat (W) 42 mo 0.7 (decreased Schroeder et al. snCl,
74/ wk longevity in 1968
females by 11X)
Systemic
20 Rat (F) 105 wk Cardlo 63 NTP 1982 sSnCl,
7d/{wk Gastro 63
Hepatic 63
Renal 63
Other 63
21 Rat (W) 42 mo Hepatic 0.7 (fatty Schroeder et al. SnCl,
7d/wk degeneration) 1968
Renal 0.7 (tubular
degeneration,
vacuolization)
Other 0.7 (11-16X decreased

body welght as
compared to
controls)




TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure’ Species Route duration System (mg Sn/kg/day) (mg Sn/kg/day) (mg Sn/kg/day) Reference Form
22 Mouse (F) 105 wk Cardio 164 NTP 1982 SnCl,
7d/wk Gastro 164
Hepatic 164
Renal 164
Other 164
23 Mouse (W) 18 mo Other 0.7 Schroeder and SnCl,
7d/wk Balassa 1967

‘The number corresponds to entries in Figure 2-2.

Cardio cardiovascular; d = day(s): Derm/oc = dermal/ocular: (F) = feed; (GW) = gavage - water; Gastro = gastrointestinal;
Hemato hematological: LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-observed-adverse-effect level;
SnC,0, = stannous oxalate; SnCH,0, = stannous tartrate; Sn(C,H,;0,), = stannous oleate; SnCl, = stannous chloride;

Sn0, = stannic oxide; Sn,0,N, = stannous nitrate; Sn,(PO,), = stannous orthophosphate; SnS, = stannous sulfide;

SnSO, = stannous sulfate: (W) = water; wk = week(s)

Z
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FIGURE 2-2. Levels of Significant Exposure to Inorganic Tin Compounds — Oral
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TABLE 2-3. Levels of Significant Exposure to Organotin Compounds — Oral

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Death
1 Rat (Goy 14 148 (LD50) Elsea and . C,4Hs.08n,
1x/d Paynter 1958
2 Rat (GO) 4 d 50 (death of 302-50X%) Barnes and Magee CsH;Cl,Sn
ix/d 1958
3 Rat (GO) 1d ) 14 (LD50) Aldridge et al. CH,,BrSn
1x/d 1987
4 Rat (GWy 1d 194 (LD50) Elsea and C,.H,,08n,
1x/d Paynter 1958
5 Rat (GOo) 1 d 12.6 (LD50) Brown et al. C,H,C1lSn
1x/d 1979 N
Systemlc
6 Rat (GO) 1 d Renal 3 (slightly dilated 10 (marked proximal Opacka and C,H,ClSn o
1x/d proximal tubules tubule necrosis, Sparrow 1985 g
and impaired lmpaired organ [
organ function) function) E] g
7 Rat (Go) 4 d Hepatic 50 (bile duct Barnes and Magee C,H,Cl.Sn o
1x/d necrosis) 1958 1y
Gastro 50 (distention of 1
stomach) =
Q
8 Mouse (Go) 1d Gastro 4000 (hemorrhages in Pelikan and C,H,Cl,5n 't-lli
1x/d stomach and Cerny 1970
intestine)
Renal 4000 (steatosis of
renal cortex
and hyperemia of
renal medulla)
Resp 4000 (impaired
respiration)
9 Mouse (Go) 1d Gastro 4000 (hemorrhages in Pelikan and C,H,,0,5,5n
1x/d stomach and Cerny 1970
intestine)
Renal 4000 (steatosis of
renal cortex
and hyperemia of
renal medulla)
10 Mouse (GO) 1d Gastro 4000 (hemorrhages in Pelikan and C,H,,0,5n
ix/d stomach and Cerny 1970
intestine)
Renal 4000 (steatosis of

renal cortex
and hyperemia of
renal medulla)




TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Sexrious
figure® Specles Route duration System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Reference Form
11 Mouse (Goy 1d Gastro 4000 (hemorrhages in Pelikan and C.H,,50Sn
1x/d stomach and Cerny 1970
intestine)
Renal 4000 (steatosis of
renal cortex
and hyperemia of
renal medulla)
12 Hamster (GO) 1 d Hepatic 30 (bile duct Jang et al. 1986  C,H,,Cl,Sn
1x/d necrosis)
Immunological
13 Rat (F) 2 wk 2.5 (decreased weights Seinen et al. C,¢H3,CL,5n
of lymphoid 1977b
organs)
N
14 Rat (GO) 10 d 1.25 (decrease in Smialowicz C,,H5,05n, .
1x/d thymus weight) et al. 1989
5 (LP responses
suppressed) E
15 Rat (F) 2 wk 2.5 (decreased weights Seinen et al. CH,,CL,5n =
of lymphoid 1977b 3
organs) fasl
Neurological %
16 Rat (GW) 1 d 7.5 (neuronal damage - Chang et al. C,H,ClSn E
1x/d mainly olfactory 1983 a
cortex, fascla 3
dentata) 2]
17 Rat (GOo) 1d 10 (convulsions) Brown et al. C,H,ClSn
1x/d 1979
18 Rat (Go) 1d 7.5 (edema, necrosis) Aldridge et al. CH,;ClSn
ix/d 1987
19 Rat (Goy 1d 20 (edema, necrosis) Aldridge et al. CH,BrsSn
1x/d 1987
20 Rat (G) 1d 5 (altered nerve Dyer and Boyes C,H,,08n
1x/d response to 1984
electrical
stimulation)
21 Mouse (GO) 1x 4000 (convulsions, Pelikan and C30HesSn
impaired Cerny 1970
respiration)
22 Mouse (Goy 1d 4000 (hypoactivity, Pelikan and C,4H,50,5,5n
1x/d convulsions) Cerny 1970

S¢



TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
23 Mouse (GO) 1x 4000 (convulsioens, Pelikan and CH,,0,8n
impaired Cerny 1970
respiration)
24 Mouse (GO) 1x 4000 (convulsions, Pelikan and C,H,,S0Sn
impaired Cerny 1970
respiration)
25 Mouse (GW) 1 4d 3 (neuronal damage - Chang et al. C,H,ClSn
1x/d mainly hippo- 1983
campal, fascia
dentata)
26 Mouse (GW) 1 4d 1 (reduced Ali et al. 1983 C,H,,08n
ix/d norepinephrine
levels)
27 Hamster (GO) 1 d 3 (neuronal Brown et al. C;H,C1Sn
1x/d degeneration) 1984
28 Monkey (GOY 14 3 (ataxia, neuronal Brown et al. C,H,C1Sn
ix/d damage) 1984
29 Gerbil (Go) 1d 3 (neuronal damage) Brown et al. C,H,C1Sn
1x/d 1984
Developmental
30 Mouse (GO) 10d 1.2 (cleft palate and Davis et al. C,.Hs,0Sn,
Gd 6-15 other bone 1987
1x/d abnormalities)
Reproductive
31 Rabbit (GW) 1x/d .3 0.9 (significant Rodwell 1987 C,eH,,08n
Gd 6-18 decrease in
maternal body
weight)
32 Mouse (GOY 104 11.7 23.4 (decreased 35 (decreased Davis et al. C,Hs.08n,
Gd 6-15 maternal welght number of 1987
1x/d gain) implantations and
living fetuses)
INTERMEDIATE EXPOSURE
Death
33 Rat (W) 11 wk 1.4 (death) Smith 1973 C,.H,,0,55n,
Systemic
34 Rat (GO) & wk Hemato 4 (binds to Brown et al. C,H,C1Sn
7d/wk hemoglobin) 1979
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TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
35 Rat (Go) 15 d Hepatic 17.5 (increased heme Mushtaq et al. C3,Hel 0,50
1x/d oxygenase 1981
activity,
decreased
activity of
microsomal
enzymes)
36 Rat (F) 6 wk Other 4 (7% reduced body Van Loveren C,,H5.08n,
7d/wk weight as et al. 1990
compared to
controls)
37 Rat (GO) 26 wk Other 12 (> 20X decrease Funahashi et al. C,.H;,08n,
5x/wk in body weight) 1980
38 Rat (F) 6 wk Hemato 2.5 7.5 (significant Seinen and C,6H;3,C1,5n
decrease in Willems 1976
hemoglobin
(males),
increased
alkaline
phosphatase
activity)
39 Rat (F) 3-4 wk Other 1.25 Vos et al. 1984b C,eH,605n
40 Rat W) 3 wk Musc/skel 4.2 (atrophy of fibers Richman and CeH,;BrSn
7d/wk in soleus muscle) Bienkamper 1984
41 Rat (W) 4 wk Other 0.8 (50X decrease in Reiter et al. CeH,sBrSn
body weight) 1980
42 Rat (GO) 99d Other 2.5 (40X reduction Gaines and C,eH,c05n
5x in weight gain Kimbrough 1968
during 1st week)
43 Rat (F) 6 wk Other 20 (decreased 80 (decreased Krajnc et al. C,.Hg,08n,
7d/wk insulin) thyroxine, 1984
thyroid
stimulating
hormone and
insulin,
increased
leutinizing
hormone)
&4 Rat (F) 4 wk Hemato 5 (decreased mean 80 (abnormalities in Krajnc et al. C,4H:,08n,
7d/wk corpuscular all hematological 1984
volume, components)
eosinophils)
Hepatic 5 20 (increased hepatic 320 (liver necrosis
enzyme activity) and bile duct
hyperplasia)
Other 20 80 (decreased weight

gain)
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TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
45 Dog (F) 13 wk Cardio 0.646 Sachsse et al. C,H,0Sn
Hemato 0.646 1987
Hepatic 0.646
Renal 0.646
46 Dog (F) 27 wk Cardio 0.646 Sachsse et al. C,oH,,0Sn
Hemato 0.646 1987
Hepatic 0.646 )
Renal 0.646
47 Dog (F) 4 wk Cardio 0.646 Sachsse et al. C,H,05n
Hemato 0.646 1987
Hepatic 0.646
Renal 0.646
Immunological
N
48 Rat (GO) 26 wk 3 (decreased thymus 6 (severe decrease Funahashi et al. C,.,H;,08n, .
Sx/wk weight) in thymus weight) 1980
49 Rat (F) 28 d 2.5 (progressive Seinen and C,6H3Cl,Sn jars
decrease in Willems 1975 g
thymus weight, [
decreased cell H N
count and = o
viability)
tr1
50 Rat (GO) 24 d 10 (decrease in Smialowicz C,.H;,0Sn, :"1
3x/wk thymus weight, et al. 1989 m
(10 increase in o)
total spleen weight, )
doses) LP responses (%]
suppressed,
NK responses
suppressed)
51 Rat (F) 6 wk 2.5 (decreased thymus Seinen and C,6H;3.CL1,8n
weight, popliteal Willems 1976
lymph node
welght)
52 Rat (F) 4 wk 80 (atrophy of Krajnc et al. C,.H,05n,
7d/wk thymus and 1984
peripheral
lymphoid organs)
53 Rat (F) 3-4 wk 1.25 (changes in Vos et al. 1984b C,H,,0Sn
immune response)
54 Rat (F) 6 wk 1 (reduced natural Van Loveren C,,Hs,08n,

7d/wk killer cell et al. 1990
activity)




TABLE 2-3 (Continued)
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Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
55 Rat (GO) 24 ¢ 5 (decrease in Smialowicz C,.H;,08n,
3xfwk thymus weight, et al. 1989
(10 increase in
total spleen weight,
doses) LP responses
suppressed,
NK responses
suppressed)
56 Rat (GO) 24 4 5 (decrease in Smialowicz C,H,05n,
3x/wk thymus weight, et al. 1989
(10 LP responses
total suppressed)
doses) 10 (decrease in
spleen weight)
57 Mouse (F) 4 wk 19.5 Seinen et al. CoH,,CL,Sn
1977b .
58 Mouse (F) 4 wk 19.5 Seinen et al. CeH3CL,8n
1977b ’
59 Dog (F) 27 wk 0.646 Sachsse et al. C;eH,60Sn
1987
60 Dog (F) 4 wk 0.646 Sachsse et al. C,oH,08n
1987
61 Dog (F) 13 wk 0.646 Sachsse et al. C,sH,s05n
1987
Neurological
62 Rat (W) 11 wk 1.4 (paralysis) Smith 1973 C,.H;,0,S8n,
63 Rat (GO) 4 wk 4 (neuronal Brown et al. C;H,C1Sn
7d/wk alterations 1979
in brain)
64 Rat (W) 4 wk 0.4 (diminsted maze 0.8 (paralysis) Reiter et al. CeH,sBrSn
actlivity and 1980
startle response)
65 Rat W) 3 wk 4.2 (hind limb Richman and C.H,;BrSn
7d/wk paralysis Bienkamper 1984

followed by

by recovery,
demyelination
in spinal cord
and peripheral
nerves)




TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
66 Rat (W) 22 d 2.8 (motor Graham and C;,H5,0,58n,
7d/wk dysfunction, Gonatas 1973
splitting of
peripheral
myelin sheaths
and edema of
brain)
67 Rat (Wi 11 wk 1.9 (paralysis) Smith et al. C,.Hs,0,55n,
1973
68 Dog (F) 4 wk 0.646 Sachsse et al. C,oH,,05n
1987
69 Dog (F) 13 wk 0.646 Sachsse et al. C,eH,,05n
1987
70 Dog (F) 27 wk 0.646 Sachsse et al. C,oH,608n N
1987 °
fao]
CHRONIC EXPOSURE g
Death !
e H W
71 Rat (F) 78 wk 3.33 (10X decrease NCI 1978a C,,H,,0,8n = o
7d/wk in survival) =1
Ty
72 Rat (F) 78 wk 3.75 NCI 1978b C,sH,0Sn *r]
7d/wk 2]
Q
73 Rat (Fy 104 wk 0.4 (29/50 rats died Tennekes et al. C,eH,s05n =
prior to the 1989b
conclusion of the
study)
74 Mouse (F) 80 wk 20.16 (25/50 females Tennekes et al. C,H,08n
died before the 1989a
end of the study)
75 Mouse (F) 78 wk 9.88 (5% decrease NCI 1978a C,,H,,0,Sn
7d/wk in survival)
76 Mouse (F) 78 wk 4.88 (207 decrease NCI 1978b C,eH,,05n

7d/wk in survival)




TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to . frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day)  (mg/kg/day) (mg/kg/day) Reference Form
Systemic
77 Rat (F) 104 wk Cardio 6.2 Tennekes et al. C,sH,c08N
Hemato 5.2 1989b
Musc/skel 0.3 (atrophy of
skeletal muscle)
Hepatic 0.4 (portal sclerosis
and bile duct
proliferation)
Renal 6.2 .
Other 0.4 (cystoid lesions
and hyperplasia
of the pituitary)
78 Rat (F) 78 wk Resp 3.75 NCI 1978b C,.H,08n
7d/wk Cardio 3.75
Gastro 3.75
Hemato 3.75
Hepatic 3.75
Renal 3.75
Derm/oc 3.75
79 Rat (F) 78 wk Resp 6.65 NCIl 1978a C,.H,.0,Sn
7d/wk Cardio 6.65
Gastro 6.65
Hemato 6.65
Musc/skel 6.65
Hepatic 6.65
Renal 6.65
80 Rat (F) 30 mo Hemato 2.5 (increased Wester et al. C,,Hs,08n,
platelets) 1986
Hepatic 2.5 (reduced glycogen)
Renal 2.5 (increase in age-
related degen-
erative lesions)
81 Rat (F) 52 wk Cardio 6.2 L Tennekes et al. C,eH,s0Sn
Hemato 0.4 1.3 (significant 198%b
decrease in
hemoglobin and
hematocrit in
females;
increased
prothrombin time
in males)
Hepatic 0.4 1.6 (portal sclerosis
and bile duct
proliferation in
females)
Renal 6.2 A
Other 0.4 1.3 (cystoid
1tuitary

esions)
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TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to . frequency/ NOAEL Less serious "Serious
figure® Species Route duration System (mg/kg/day)  (mg/kg/day) (mg/kg/day) Reference Form
82 Mouse (F) 78 wk Resp 9.75 NCI 1978b €, H,:0Sn
7d/wk Cardio 9.75
Gastro 9.75
Hemato 9.75
Hepatic 9.75
Renal 9.75
Derm/oc 9.75
83 Mouse (F) 80 wk Cardio 20.16 Tennekes et al. C,eH,08n
Hemato 20.16 i 9a
Hepatic 15.24 (increased liver
to body weight
'r;atlo;l )
yperplastic
nodulgs)
Renal 20.16 . .
Derm/oc 20.16 (skin lesions,
females more N
sensitive than .
males)
Other 15.24 (reduced bod oo
weight gain g
84 Mouse (F) 78 wk Res| 19.76 NCI 1978a C.,H.,0,5n -
7d/wk Cardio 19.76 : =
Gastro 19.76
Hemato 19.76 o]
Hepatic 19.76 o
Renal 19.76 ;
85 Dog (F) 52 wk Cardio 0.593 Sachsse et al. C,eH,608N S
Hemato 0.593 1987 19
Hepatic 0.593
Renal 0.593
Immunological
86 Rat (F) 52 wk 0.3 (reduction in Tennekes et al. C,eH,08N
serum immuno- 1989b
globins 1G1
162, 162c, faA,
and increase in
IGM)
87 Rat (F) 30 mo 2.5 (increased Wester et al. C,H.08n,
immunoglobulin 1986
levels of IgM
and decreased
I19G)
88 Rat (F) 78 wk 3.75 NCI 1978b C,sH,c0SN
7d/wk ’

89 Rat (F) 104 wk 6.2 Tennekes et al. C,cH,0Sn
1989b




TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure?® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
90 Mouse (F) 78 wk 19.76 NCI 1978a C,.H,.0,5n
7dfwk
91 Mouse (Fy 78 wk 9.75 NCI 1978b C,oH,¢08n
7d/wk
92 Mouse (F) 80 wk 15.24 (decreased levels Tennekes et al. C,eH,,08n
of serum 1989a
immunoglobins)
93 Dog (F) 52 wk 0.593 Sachsse et al. C,eH,,0Sn
1987
Neurological
94 Rat (F) 104 wk 0.3 (degenerative Tennekes et al. C,sH,05n
neuropathy of 1989b
sclatic nerve)
95 Rat (F) 78 wk 3.75 NCI 1978b C,oH,0Sn
7d/wk
96 Rat (F) 78 wk 6.65 NCI 1978a C,,H,,0,5n
7d/wk
97 Mouse (F) 78 wk 19.76 NCI 1978a C,,H,,0,5n
7d/wk
98 Mouse (F) 78 wk 9.75 NCI 1978b C,sH,,0Sn
7d/wk
99 Dog (F) 52 wk 0.593 Sachsse et al. C,sH,0Sn
1987
Reproductive
100 Rat (F) 78 wk 3.75 NCI 1978b C,el1;6050
7d/wk
101 Rat (F) 104 wk 0.3 (Leydig cell Tennekes et al. C,oH,0Sn
hypertrophy and 1989b
tubular atrophy
of the testes)
102 Mouse (F) 78 wk 9.75 NCI 1978b C,eH,s05n
7d/wk
103 Mouse (F) 78 wk 19.76 NCI 1978a C1.H,.0,5n

7d/wk
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TABLE 2-3 (Continued)

Exposure ) : LOAEL (effect)

Key to frequency/ NOAEL Less serious Serious

figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form

Cancer

104 Rat (F) 104 wk 1.6 CEL (pitultary Tennekes et al. C,sH;s05n
tumors) 1989b

105 Rat (F) 104 wk 5.2 CEL (testicular Tennekes et al. C,eH,c0Sn
tumors) 1989b

106 Mouse (F) 80 wk 15.24 CEL (liver tumors) Tennekes et al. C,sH,608n

1989a

*The number corresponds to entries in Figure 2-3.

C,H,,505n = butylthiostannoic acid; CH,(0,Sn = butylstannoic acid; C,,H,,0,5n = dibutyltin diacetate; CgH,,Cl,Sn = dibutyltin dichloride;
C,H, BrSn = dimethyltin bromide: C,H,Cl,Sn = mono-n-butyltin trichloride: C,H,0,5,Sn = mono-n-butyltin tris(2-ethylhexylmercaptoacetate)
C;HClSn = trimethyltin chloride: C,H,,Cl1Sn = methyldiethyltin chloride; C,H,,0,Sn = tributyltin benzoate:; C,H,;0,Sn = tributyltin acetate:
C,,H,,C18n = tributyltin chloride: C,H,Sn = tributyltin oleate; C,H,Cl,Sn = dioctyltin dichloride: C,H,,0Sn = trimethyltin hydroxide;
C,H:0,55n = triethyltin sulfate: C,H,Osn = triphenyltin hydroxide; CH,;BrSn = triethyltin bromide; C,H,,0Sn = triethyltin acetate:
C,Hs0OSn, = tributyltin oxide; C;,H.,0,Sn = dibutyltin dilaurate; C,H,,0Sn = triphenyltin hydroxich; C,H.0,5Sn, = tributyltin sulfate;
Cardio = cardiovascular; d = day(s): Derm/oc = dermal/ocular: (F) = feed; (GO) = gavage - oil; (GW) = gavage - water:

Gastro = gastrointestinal; Hemato = hematological; LD50 = lethal dose, 50X kill; LOAEL = lowest-observed-adverse-effect level;

LP = lymphoproliferative response:; Musc/skel = musculoskeletal; NK = natural killer cell response; NOAEL = no-observed-adverse-effect
level; Resp = respiratory: (W) = water; wk = week(s)
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FIGURE 2-3. Levels of Significant Exposure to Organotin Compounds — Oral
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FIGURE 2-3 (Continued)
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FIGURE 2-3 (Continued)
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FIGURE 2-3 (Continued)
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2. HEALTH EFFECTS

In intermedi ate-duration studies (4 or 13 weeks), rats were fed various
inorganic tin conpounds. A single female (1/10) died during week 11 with a
dose of 795 ng tin/kg/day stannous chloride. A total of four males receiving
doses of 315 ny/kg/day died during weeks 8 and 9 | eading to discontinuation of
this dose (De Groot et al. 1973).

The results of the chronic bioassays showed sonmewhat | ower survival of
hi gh dose nmale rats (63 ng tin/kg/day as stannous chloride) conpared to the
controls. The data in mce showed survival of control nales was affected nore
than the dosed groups (82 and 164 ng tin/kg/day), but survival of the fernale
dosed groups was affected less than the controls (NTP 1982).

The hi ghest NOAEL val ues and the reliable LOAEL values for lethality in
rats and nmice in each duration category are recorded in Table 2-2 and plotted
in Figure 2-2.

Organotin Conmpounds. The oral administration of a proprietary drug,
Stalinon, resulted in the deaths of about 100 people in France from an
estimated 1,000 who had been treated for osteonyelitis, anthrax, and acne.
Most of the 10 or nore accounts of this 1954 tragedy are published in the
French literature but an excellent summary is provided by the Wrld Health
Organi zati on (VWHO 1980). The primary ingredients in Stanelon were diethyltin
di odi de (15 ng/capsule) and linoleic acid (100 ng/capsule). It has been
proposed that the deaths were caused by triethyltin iodide which was present
as an inmpurity fromthe manufacturing process. An estimate of 70 ng of
triethyltin has been calculated as the toxic dose for humans ingesting this
compound over an 8-day period (Barnes and Stoner 1959). However, too nany
confounding variables in the reporting of this tragedy Iimt the
interpretation of this calculation. Gher than the Stalinon incident, no
studi es were | ocated regarding deaths in humans after oral ingestion of
organoti n compounds.

There are publications which provide listings of orplallugs in animals
for hundreds of nono-, di-, and triorganotin conpounds (Smth 1978; WHO 1980).
Let hal doses for nonoorganotins ranging from 1,500 to nore than 6,000 ny/kg
have been reported for rodents (Pelikan and Cerny 1970). This indicates a | ow
| evel of toxicity.

For diorganotins, a range of |ethal doses of 200-3,750 ng/kg is provided
fromrodent data (Calley et al. 1967; Pelikan and Cerny 1970). A dose of
50 ng/ kg/ day dibutyltin dichloride for 3 days caused deaths in 30% 50% of the
treated rats. Sonme deaths occurred in 6-10 days follow ng dosing and were
attributed to extensive injury to the bile duct and liver (Barnes and Magee
1958). The specific estimates of acute oral toxicity in these reports suggest
that both the nono- and dial kyltins show less toxicity as the chain | engths
are increased.

The triorganotin conpounds are nore acutely toxic than are the nmono- and
di organotins based on the oral LD, values. A representative range of |ethal
dose values in rodents is 10-194 ng/ kg body wei ght (El sea and Paynter 1958;



43

2. HEALTH EFFECTS

Pel i kan and Cerny 1969). Oral LD,,values for rats have been reported to be
14 ng/ kg body weight dinethylethyltin and 7.5 ng/ kg body wei ght

met hyl diethyltin (Al dridge et al. 1987). Aninal data on the acute ora
toxicity of the trialkyltins tend to support inplication of triethyltin
toxicity in the Stalinon deaths. Deaths were reported at a dose of 4 ng/kg
triethyltinin the rat (Luijten and Klimer 1978). In general, the trinethyl
and triethyl conpounds are the nost toxic of the triorganotin conmpounds.
Informati on on acute oral toxicity of tetraorganotin compounds is |imted.

The hi ghest NOAEL values, all reliable LOAEL values for lethality, and
LD,, val ues in each species and duration category are recorded in Table 2-3
and plotted in Figure 2-3.

2.2.2.2 Systemc Effects

No studies were |ocated regarding respiratory or nuscul oskeletal effects
in humans or aninals after oral exposure to inorganic tin or organotin
conmpounds.

The hi ghest NOAEL val ues and all reliable LOAEL val ues for systenic
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2 for inorganic tin conpounds. Simlar information is
given in Table 2-3 and Figure 2-3 for organotin conpounds.

Car di ovascul ar Effects.

I norganic Tin Compounds. No studies were |ocated regarding
cardi ovascul ar effects in humans after oral exposure to inorganic tin
conmpounds.

In a feeding study in rats, at dietary levels ranging fromless than 10
to 315 ng/ kg/ day as stannous chloride for 13 weeks, relative heart wei ghts of
mal es were hi gher than those of controls (DeG oot et al. 1973). This effect
was not dose-dependent and there were no associ ated hi st opat hol ogi cal
findings. By itself, the significance of the observation is not clear. In a
4 week exposure to the sane doses there were no changes in heart weights.

Organotin Conmpounds. No studies were | ocated regardi ng cardi ovascul ar
effects in humans after oral exposure to organotin conpounds.

There was an absence of cardi ovascular effects in rats, mce and dogs
adm ni stered triphenyltin hydroxide in the diets for periods of from4 to
104 weeks (NC1 1978b; Sachsse et al. 1987; Tennekes et al. 1989a, 1989b) (see
Section 2.2.2.8).

Gastrointestinal Effects.
I norganic Tin Conpounds. No studies were |ocated regarding

gastrointestinal effects in humans after oral exposure to inorganic tin
compounds. However, there are sone accounts of persons who devel oped
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gastroenteritis after ingestion of various foods stored in tin cans (WHO
1980). Doses ranged from 250 to 1,000 ng tin/kg body weight.

Data from studies in animals show that inorganic tin conmpounds can cause
gastrointestinal effects. Slightly distended snall and |arge intestines were
observed at necropsy of rats fed diets containing 315-325 ng tin/kg/day as
ei ther stannous chloride or stannous orthophosphate for 4 weeks. However,
there were no histopathol ogi cal changes (DeGroot et al. 1973).

In another study, effects on the norphol ogy and on absolute and rel ative
wei ghts of the gastrointestinal tract were evaluated after feeding rats
dietary levels of 7.9 and 15.9 ng tin/kg/day stannous chloride for 4 weeks.
Feed restriction was also studied in an attenpt to distinguish between tin
effects and the effects of decreased food intake and poor growth (Jansen
et al. 1985). Increased relative weights of stomach, cecum and colon were
observed at the | owest tin dose, but were apparently caused by di nm nished food
i ntake since these changes were present in the pair fed controls as well as
the tin exposed animals. On the other hand, increases in the weight and
length of the snmall intestines were observed to be independent of food
consunption and thus a consequence of the exposure to stannous chl oride.

There was al so an increase in the villus length, a decrease in the nunber of

villi per unit surface, an increase in villus cell turnover, and changes in
villi norphology in the intestines of the treated rats. Although simlar
changes of the intestinal villi were reported by Dreef-van der Meulen (1974),

there are not enough data at this tinme to characterize the intestinal changes
as adverse.

Mce fed 311-2,457 ng tin/kg/day as stannous chloride for 13 weeks
showed gross distention of the cecum and reddened gastric nucosa at necropsy
but no conpound-rel at ed hi stopat hol ogi cal changes (NTP 1982). Sinml ar
findings were observed in rats fed 120-236 ng tin/kg/day (NTP 1982). However,
no such changes were observed in rats fed 32 or 63 ng tin/kg/day or mce fed
82 or 164 ng tin/kg/day as stannous chloride during a 105-week study (NTP
1982).

The feeding of stannous chloride at relatively high doses for
i nternmedi ate durations caused gastrointestinal distress in rats and m ce.

Organotin Conmpounds. No studies were | ocated regarding gastrointestina
effects in humans after oral exposure to organotin conpounds.

In studies designed primarily to characterize biliary and hepatic
| esi ons (see discussion on Hepatic Effects below), distention of the rat
stomach with fluid was observed 24 hours after dosing with 50 ng/ kg body
wei ght dibutyltin dichloride (Barnes and Magee 1958). The duodenum was al so
examned in many rats, but no changes were evident. In single-dose studies,
500 ng/ kg body weight tributyltin salts (chloride, acetate, benzoate, ol eate)
produced henorrhages in the digestive tract of mce (Pelikan and Cerny 1968).
Sim | ar changes were seen in another study in mce in which single doses of
4,000 ng/ kg body weight butyltin trichloride and other salts produced
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hyperem ¢ stonachs and intestines and stomachs di stended with fluid.

H st opat hol ogi cal changes incl uded nassi ve henorrhages in the stomach and
intestines (Pelikan and Cerny 1970). These changes were not seen in 4-week
studies in rats fed 320 ng/ kg/day bis(tributyltin)oxide in their diets (Krajnc
et al. 1984). Except for the Barnes and Magee (1958) study, the infornmation
derived fromthe studies is difficult to evaluate in view of the high doses
utilized.

Hemat ol ogi cal Effects.

I norgani c Tin Conpounds. No studies were |ocated regarding
hemat ol ogi cal effects in humans after oral exposure to inorganic tin
conmpounds.

Data from 4-week feeding studies in rats showed sonme hemat ol ogi cal
changes (DeGroot et al. 1973). A significant increase was observed in the
hematocrit of male rats fed a dietary level of 395 ng tin/kg/day as stannous
sulfide but not in females. Both sexes of rats fed tin at dietary |evels
ranging from68 to 325 ng tin/kg/day as the chloride, orthophosphate, sulfate,
oxal ate, and tartrate showed anenia. The signs of the anem a were decreased
hematocrit, total erythrocytes, and henogl obin |evels. Lower mean corpuscul ar
vol ume and henogl obi n concentrations were seen at the hi ghest doses
(225-325 ng tin/kg/day). In 13-week studies, stannic oxide produced no
henmat ol ogi cal changes in rats (DeG oot et al. 1973). However, dietary |levels
of 7.6 ng tin/kg/day or greater as stannous chloride, produced decreased
hemat ol ogi cal values in rats with 4-13 week exposures (Dreef-van der Meul en
et al. 1974; DeG oot et al. 1973; Janssen et al. 1985). It is possible that
diet had an effect on the results of these studies since the no effect levels
(22-440 nmg Sn/ kg/day) for hematol ogical effects in studies using diets
adequate in copper and iron (De G oot et al. 1973; Dreef-van der Meulen et al
1974) exceeded the LOAEL (7.9 ng/kg/day) fromthe work by Jansen et al. (1985)
usi ng diets which contained only one fifth as nuch. Iron and copper are key
nutrients in hematopoiesis; deficiencies in these elenents are associated with
m crocytic anem as characterized by | ow henpgl obin and hematocrit values. It
i s suggested that the poor iron and copper nutriture in the Jansen et al.
(1985) work was a predisposing factor which anplified the adverse effects of
tin on hematol ogi cal paraneters. This hypothesis is supported by studies in
whi ch the dietary concentrations of copper, tin, and iron were varied
(De Groot 1973). High levels of copper and iron (well above dietary
requirements) added to simpurified diets containing up to 75 ng/kg/day tin
prevent ed hemat ol ogi cal changes al nost conpletely.

Organotin Compounds. No studies were | ocated regardi ng henmat ol ogi cal
effects in humans after oral exposure to organotin conpounds.

Decr eased henpgl obi n and hematocrit val ues, |owered nmean corpuscul ar
vol umre and henogl obi n mass, and decreased | eucocytes were observed in rats at
dietary levels of 80 and 320 ng/ kg/day bis(tributyltin)oxide for 4 weeks.
Eryt hrocytes were reduced, and spherocytes and Howel | -Jol |y body-cont ai ni ng
erythrocytes were increased in the 320 ng/ kg/day group only. Differenti al
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| eucocyte counts were variable (Krajnc et al. 1984). In another study
perfornmed in the same | aboratory, hematol ogical paranmeters were nonitored at
3, 12, and 24 nonths in rats fed dietary |evels of 0.025, 0.25, and

2.5 ng/ kg/day bis(tributyltin)oxide. The only changes occurred after 1 year
and consi sted of reduced peripheral blood | ynphocytes and an increase in
platelets in the females fed 2.5 ng/kg/day (Wster et al. 1987). At these
reduced dietary |l evels adm nistered over a long period of tine,

bi s(tributyltin)oxide did not produce significant hematol ogi cal changes. The
results of internediate-duration studies indicate that bis(tributyltin)oxide
produced hemat ol ogi cal changes in rats, but at fairly high doses.

There was a significant decrease in henopgl obin concentration in nale
rats fed 7.5 ng/kg/day di-n-butlytin dichloride for 6 weeks but not in fenales
(Seinen and WIlians 1976). There were no changes in circulating | ynphocytes
in these animals despite atrophy of the thynus.

Triphenyltin hydroxide at a dose of 1.3 ng/kg/day caused a transient
decrease in henogl obin and hematocrit values at 26 and 52 weeks in fenale
rats, but not in the nmales (Tennekes et al. 1989a). These changes were not
apparent at 78 and 104 weeks (Tennekes et al. 1989a), nor were they seen in
dogs given the sanme conpound at doses of 0.7 ng/kg/day (Sachsse et al. 1987).

Hepatic Effects.

I norgani c Tin Conpounds. No studies were |ocated regardi ng hepatic
effects in hunans after oral exposure to inorganic tin conpounds.

Hepatic effects have been observed followi ng intermediate and chronic
oral exposure of rats. Data froma 4-week feeding study in rats showed sone
hi st opat hol ogi cal changes (DeGoot et al. 1973). Both sexes fed tin as the
chl oride, orthophosphate, sulfate, oxalate, and tartrate had hi stopathol ogi ca
changes in the liver. The cytoplasm exhibited a cl ear honbgeneous appearance
whi ch suggested a di sappearance of the cellular organells and inpaired cel
function at the highest dietary |evel of 226-325 ng/kg/day and to a | esser
extent at a level of 68-98 ng tin/kg/day (the doses vary with the tin conpound
used). A slight but definite oval cell type hyperplasia of the bile ducts was
al so apparent. Changes in organ weights were inconsistent. The authors
suggested that the changes in liver cell norphol ogy were due, in part, to the
reduced food intake and resultant inpaired weight gain. These changes were
apparent in the animals with the poorest wei ght gains.

In a 13-week study in rats, histopathol ogical changes were again
observed in the livers of both sexes at a dietary level of 315 ng tin/kg/day
as stannous chloride, but in only a fewrats at a level of 95 ng tin/kg/day
(DeGroot et al. 1973). The changes were a honbgeneous appearance of the cel
cytoplasmand a mld proliferation of the bile duct epithelium O gan weights
were not affected. In another 13-week study, sinilar changes were seen in the
livers of rats fed a diet that was gradually increased to a final |evel of
252 ng tin/kg/day as stannous chloride (Dreef-van der Meul en 1974).
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No hepatic effects were reported in rats and mce fed stannous chl oride
for either 14 days or 13 weeks (NTP 1982). Highest dietary |levels were 236 ng
tin/kg/day as stannous chloride for the rats and 2,457 ng tin/kg/day for the
nm ce. Considering the extrenely high doses used, it is surprising that
hepati ¢ changes were not observed in these studies.

Hepatic changes were limted follow ng chronic oral exposure of rats and
mce to stannous chloride. In a drinking water study at 0.7 ng tin/kg/day as
stannous chloride for life, 80 rats were evaluated for hepatic and ot her
health effects (Schroeder et al. 1968). There was a significant increase in
fatty degeneration of the liver in the tin exposed rats. Although 38% of the
control rats exhibited slight to severe liver degeneration, 68%of the tin
treated rats were affected. Severe fatty degeneration was present in 55% of
the control rats and 65% of those exposed to tin. Although simlar hepatic
effects were reported in the 105 week chroni c bi oassay of stannous chloride in
rats and nice, the incidence of the findings was not dose-rel ated and
essentially conparable in treated and control aninmals (NTP 1982).

Organotin Conmpounds. No studies were | ocated regarding hepatic effects
in humans after oral exposure to organotin compounds.

Hepatic and bile duct effects were observed foll owi ng acute- and
i nternedi ate-oral exposures of animals to organotin conpounds. Severe hepatic
injury occurred in rats that died 6-10 days foll owing 3 repeated doses of
50 ng/ kg/ day dibutyltin dichloride (Barnes and Magee 1958). The main features
of the bile-duct injury included thickening, inflammation, and dil atation of
the proxinmal part. Histologically, the epitheliumof the wall was replaced by
granul omat ous. In cases in which the bile duct was perforated, severe
peritonitis and fat necrosis were seen. Miltiple yellow infarcts devel oped in
different |obes of the liver, followed by inflammation of the portal bl ood
vessels. I n sone cases there was conplete necrosis of the bile ducts.
Simlar |esions have been reported in mce but not in rabbits or guinea pigs
(Barnes and Magee 1958).

In a 4-week feeding study in rats, it was only at dietary |evels of
320 ng/ kg bis(tributyltin)oxide that a | ow incidence of liver and bile duct
changes were observed (Krajnc et al. 1984). The changes incl uded atrophy of
hepat ocytes, necrotic areas (nonlobular), and bile duct hyperpl asia.

Li ver changes in rats, mce, and hansters appear to be secondary to the
injury to the bile ducts presunably caused by either the di- or tributyltin
conmpounds (Barnes and Magee 1958; Jang et al. 1986). These ani nal s have
common bil e-duct systens. |In rabbits and gui nea pigs that have separate bile
duct systens hepatic |esions were not observed, suggesting that bile duct
structure may influence susceptability to hepatic danage.

A dose-related trend towards portal sclerosis and bile duct
proliferation was observed in rats given doses of fromO0.3 to 6.2 ng/kg/day
triphenyltin hydroxide for 52 and 104 weeks; there was no correspondi ng
increase in liver weight (Tennekes et al. 1989a). The dose-related trend was
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stronger in females (p<0.005) than in nales (p<0.005). In mce this sane
conpound was associated with a 35% 40% i ncrease in |liver weight and nodul ar
hyperpl asi a at doses of 15.2 ng/kg/day for males and 20.2 ny/kg/ day for
fermal es but not at | ower doses (Tennekes et al. 1989b).

Renal Effects

I norgani c Tin Conpounds. No studies were |ocated regardi ng renal
effects in hunans after oral exposure to inorganic tin conpounds.

Various renal effects have been observed in animals after oral exposure
to inorganic tin conpounds.

Hi st opat hol ogi cal changes in the kidneys were reported for rats which
had received dietary levels up to 315 ng tin/kg/day as stannous chloride for
13 weeks (DeGroot et al. 1973). The changes included | arge protein-like
droplets in renal tubular epithelial cells. This appears to be a conmon
finding in the strain of rats used in this study and did not appear to be
related to tin exposure. The authors al so nentioned the absence of cal careous
deposits in the high-dose level fenmale rats. This appears to be an unusual
finding since these deposits are usually seen with the species of rats used in
t he study. However, the rel evance of these kidney findings is not clear.

In another 13-week study, rats that were fed the conpound up to a
maxi mum | evel of 252 ng tin/kg/day as stannous chloride, showed increased
rel ative kidney weights (Dreef-van der Meulen 1974). The protein-like
dropl ets and cal careous deposits which are comopn in the rat strains used were
present in the controls but were not seen in the tin-fed animals. The
absence of cal careous deposits in the femal es confirnms the observations of
DeG oot et al. (1973), but the relevance of these finding to conpound toxicity
is unclear. The organ wei ght change itself, in the absence of
hi st opat hol ogi cal or other effects, cannot be considered a toxic effect.

Renal changes have been eval uated followi ng chronic oral exposure of
rats and mice to stannous chloride. The studies involved here have been
descri bed under Hepatic Effects. Vacuol ar changes in the proximal convol uted
tubul es of the kidney were significantly increased in rats adm nistered
stannous chloride as conpared with controls (Schroeder et al. 1968). However,
in 14 day, 13 week, and 105 week studies of stannous chloride in rats and m ce,
no treatnent-rel ated nonneopl astic renal changes were reported (NTP 1982).

Organotin Conmpounds. No studies were | ocated regarding renal effects in
hunmans after oral exposure to organotin conpounds.

When tributyltin [aureate was adm ni stered as a single high dose (4,000
nmg/ kg) to mice, gross renal changes were observed at necropsy of the aninmals 24
hours later. The kidneys were light red and slightly enlarged. Simlar
findi ngs, acconpani ed by smal|l henorrhages on the renal capsul es, were observed
in mce adnministered trinmethyltin oleate (Pelikan and Cerny 1970).
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Hi st opat hol ogi cal findings included steatosis of the renal cortical tubular
epi thel i um and hyperem a of the renal nedulla. Because these renal changes
resulted from single high doses of the conpounds, kidney toxicity was
suggest ed.

In a nore definitive study of kidney toxicity, water consunption and
urine production were neasured for 3 days in rats admnistered 3, 6, and
10 ng/ kg body weight tributyltin chloride by gavage. Acute effects were
slightly dilated tubules and increased urine volunme and pH, apparently caused
by the | ow concentrations of the conmpound circulating in the blood. Water
consunption was increased. Relative kidney weights were increased in both the
6- and 10-ng/ kg body wei ght groups. Various histopathol ogi cal changes were
seen in all dose groups, but the nobst inportant appears to be the nmarked
necrosis of the proxi mal tubules seen only at 10 ng/ kg body wei ght dose
(Opacka and Sparrow 1985). This finding corresponds to the observations of
Rey et al. (1984) who described shock kidneys (i.e., proximl tubule
degeneration) in a patient who died fromtrinethyltin poisoning (see
Section 2.2.1.1).

Ki dney toxicity and pathol ogy were studied in detail follow ng
adm ni stration of single oral doses of 12.25 ng/kg body weight trinmethyltin
chloride to rats (Robertson et al. 1987). This was an attenpt to define each
stage in the devel opnent of kidney changes and determine if the changes
correlate with the fairly well-known neurotoxicity of trinethyltin (see
Section 2.2.2.4). The results of this study were essentially in agreenent
wi th the Opacka and Sparrow (1985) findings of nmarked proxi mal tubul ar damage,
i ncreased urinary pH, and polyuria. This study characterized over a 14-day
observation period the step-w se devel opnment of the kidney pathol ogy al ong
wi th other pertinent aberrations such as increased bl ood urea nitrogen |evels.
The data suggest that the npbst severe kidney toxicity occurs at 7-11 days
foll owi ng dosi ng. Body wei ght | oss and neurobehavi oral changes in the rats
acconpani ed the devel opment of the ki dney changes.

Triphenyl tin hy' droxide did not induce alterations in kidney structure
or function in rats, or dogs given doses of 0.07-6.2 ng/kg/day for up to
104 weeks (Sachsse et al. 1987; Tennekes et al. 1989a). There were no changes
in kidney weight or nor did any of the biochenical indices of kidney damage
(bl ood urea nitrogen, electrolyte levels, urinary protein) suggest that kidney
function had been altered. Hi stopathol ogical exam nation of the kidney did
not reveal any conpound rel ated abnornalities. In mce there was a 6% 8%
decrease in the kidney to body weight ratio w thout acconpanying
hi st opat hol ogi cal damage in nmales with doses of 3.5 and 15.2 ng/kg/day as
tri phenyltin hydroxi de adnmi nistered over an 80-week period (Tennekes et al.
1989b) .

Dermal / Ccul ar Effects.
I norganic Tin Conpounds. No studies were |ocated regardi ng dermal or

ocul ar effects in humans or animals after oral exposure to inorganic tin
compounds.
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Organotin Conmpounds. No studies were | ocated regarding dermal or ocul ar
effects in humans after oral exposure to organic tin conpounds.

In fenale mce, a dose of 20.2 ng/kg/day triphenyltin hydroxide
adm ni stered for 80 weeks as associated with dernmal sores and burn-Ilike
| esions, and was sonetines acconpani ed by hair | oss (Tennekes et al. 1989hb).
These | esions were present primarily in the back cervical area but were also
identified on the head, ears, forelinb and abdomen. Males were affected to a
much | esser extent than the fenales. No skin | esions were associated with the
adm ni stration of triphenyltin hydroxide to rats or dogs (Sachsse et al. 1987;
Tennekes et al. 1989a).

O her Systenmic Effects.

I norgani c Tin Conmpounds. Reductions in body weight, food intake, and
wat er consunption were observed in oral studies of inorganic tin conpounds.
Decreases in body weights and reduced food i ntake were recorded in studies in
whi ch stannous chloride and other inorganic tin conpounds were adm nistered to
rats for acute and internedi ate-durations (DeG oot et al. 1973; Dreef-van der
Meul en 1974; Janssen et al. 1985). However, these paraneters were conparable
between control and treated rats fed stannous chloride during chronic studies
(Schroeder et al. 1968; NTP 1982). The findi ngs appear to suggest direct
action of sonme inorganic tin conmpounds on growth and food intake after acute
and i nternedi ate-duration dosing but not during chronic dosing.

Organotin Conmpounds. Decreased body wei ghts, reduced food intake, and
reduced water consunption were observed after oral adm nistration of
bis(tributyltin)oxide to rats in acute and internediate studies (El sea and
Paynter 1958; Krajnc et al. 1984) and chronic studies (Wester et al. 1987).

Tri phenyltin hydroxi de was al so associated with reduced body wei ghts and food
intake in rats and a reduced body weight in nice when conpared with controls
(Tennekes et al. 1989a, 1989b). It appears that these organotin conpound
produced decreased body wei ghts and food and water consunption on oral studies
of any duration.

Function and pathol ogi cal changes of the endocrene system were eval uated
in a detailed internediate study in which rats were fed 20 and 80 ng/ kg/ day
bi s(tributyltin)oxide for 6 weeks (Krajnc et al. 1984). In this study
concentrations of seruminsulin, thyroxin, and thyrotropin decreased.
Lutei ni zi ng hornmone was increased at the high level. No changes were neasured
in concentrations of follicle-stimulating hornone and corticosterone.
H st opat hol ogy confirned the functional changes. For exanple, the epithelial
lining of the thyroid follicles was flattened indicating a | ow | evel of
activity in this organ.

In contrast to the results reported in the intermedi ate-duration study,
no maj or endocrine function changes were noted in rats fed is(tributyltin)oxide
for 2 years (Wester et al. 1987).
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Tri phenyltin hydroxi de caused dose-rel ated cystoid changes in the pars
intermedia of the pituitary gland for nale and female mce admnistered this
compound for 52 or 104 weeks at doses of 0.3-6.2 ng/kg/day (Tennekes et al.
1989a). Up to 40% of the nmales and 80% of the femal es were affected at

52 weeks by the highest dose. At the end of 104 weeks, 72.3% of the high dose
mal es and 55. 6% of the fenal es exhibited the cystoid changes. The | ower
incidence in femal es at 104 weeks related to a high early nortality fromfatal
pituitary adenomas (see Section 2.2.2.8).

2.2.2.3 Immunol ogi cal Effects

I norgani c Tin Conpounds. No studies were |ocated regarding
i mmunol ogi cal effects in humans and aninals after oral exposure to inorganic
tin compounds.

Organotin Conpounds. No studies were | ocated regardi ng i munol ogi cal
effects in humans after oral exposure to organotin conpounds.

Studi es of acute and internediate duration have denonstrated the
specific action of organotin conpounds on the i mune system of aninals after
oral exposure. Dose-rel ated decreases in the weights of the thymus, spleen
and | ynph nodes were observed in rats fed dietary levels of 0, 2.5, and
7.5 ng/ kg/ day dial kyltin conpounds for 2-6 weeks (Seinen et al. 1977b; Seinen
and Wllianms 1976). Progressive atrophy of the thynus tissue including a
decrease in the nunber of cells and cell viability were apparent at both
tested dose levels with di-n-octyltin dichloride. There was al so a doserel ated
decrease in cortical |ynmphocytes (Seinen and Wllianms 1976). Lynphoid
atrophy did not occur in nmce. Sinlar organ atrophies were produced in rats
gavaged with a single dose (100 ng/ kg bis(tributyltin)oxide) and repeated
adm ni stration studies. Dose |levels were 3, 6, and 12 ng/kg/day, 5 days per
week for 13 or 26 weeks (Funahashi et al. 1980).

Bi s(tributyltin)oxide was used in two nore detailed studies intended to
further characterize inmunol ogical effects in animals. In rats fed up to
320 ny/ kg/day bis(tributyltin)oxide in the diet for 4 weeks, thymus atrophy
and dose-rel ated severe | ynphocytopenia of the thynus cortex and depletion of
T-1ynmphocytes in the spleen and nesenteric | ynph nodes were reported (Krajnc
et al. 1984). Oher findings included rosettes of erythrocytes that were
found around nmononucl ear cells in the nedullary sinuses of nesenteric |ynph
nodes. The authors regarded this to be the nost sensitive paraneter; however,
t he underlying nmechanismis not clear. Perhaps henprrhages in the intestinal
tract drained by these |ynph nodes were involved. However, the henorrhages
were not seen hi stopathol ogically.

In a second study of internediate duration (6 weeks), weanling rats were
fed dietary levels of 0, 20, and 80 ny/kg/day bis(tributyltin)oxide (Krajnc
et al. 1984). The expected decreased organ wei ghts and | ynphocytopeni a were
seen. Suppression of thynus-dependent i munity was produced as shown by
depressed del ayed-type hypersensitivity reactions and reduced response of the
thynmus and spleen cells to T-cell mtogens due to reduced nunbers of T-cells.
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Natural killer activity was decreased in the spleen. This observation was
confirnmed by Van Loveren et al. (1990). This was particularly true at the

80 ng/ kg/ day | evel. The effects produced by bis(tributyltin)oxide appear to

be due to direct action of the conmpound on the |ynphocytes in the thynus since
cell damage was seen.

The suppression of the i mune system has al so been denonstrated in a
study in which rats were fed dietary levels of 0.025, 0.25, and 2.5 ng/ kg/ day
bi s(tributyltin)oxide for 15 nonths (Wester et al. 1987). The specific
results were simlar to findings in the internedi ate-duration studi es. Based
on the reduction of both cellular imune responses and nonspecific imunity, a
NOAEL of 0.5 tin/kg/day is suggested by the authors.

The i mmunol ogi cal effects of bis(tributyltin)oxide were further
i nvestigated in conparative studies of adult and pre-weanling rats (Sm al owi cz
et al. 1989). Several immune paraneters were altered in rats exposed to 10
daily doses (1.25-10 ng/kg/day) bis(tributyltin)oxide or internmttent doses
(3x/week) for a total of 10 doses at 5, 10, or 20 ng/kg/day bis(tributyltin)
oxi de. The changes included a reduction in thynus wei ghts and suppressi on of
| ynphoproliferative (LP) responses for different T-cell nmitogens. Simlarly,
i mmune paraneters were altered in pre-weanling rats (beginning at 3 days of
age) exposed to a total of 10 doses (2.5, 5, or 10 ng/kg/ day
bi s(tributyltin)oxide) over a 24-day period. Reduced thymus wei ghts,
i ncreased spl een wei ghts, reduced natural killer cell activity, and reduced LP
responses were observed at the 5 or 10 ng/kg/day | evels. The data indicated
that the inmune responses occurred in young rats at doses |ower than those
that produced simlar responses in adult rats. The pre-weanling rat is,
therefore, nore sensitive to bis(tributyltin)oxide than is the adult rat.

Tri phenyltin hydroxi de al so appeared to have an effect on inmunity in
both rats and mice. In rats, the effect was transitory as reflected in slight
to noderate changes in the i munogl obins 1gG 1gA IgMin both males and
femal es at 50 weeks but not at 80 weeks (Tennekes et al. 1989a). At doses of
0.3-6.2 ng/kg/day, levels of Igd and Ig&a were noderately reduced in
femal es, while the levels of 1g2c and I gA were decreased in the nales. There
was a noderate increase in IgMvalues for nales and females at the two hi ghest
dose | evel s.

In mce there were slight to noderate decreases in the levels of 119G
IgA, and IgMin males and fenal es exposed to 15.2 and 20. 2 ng/ kg/ day
triphenyltin hydroxide for 80 weeks. Increases in the relative nunbers of
| ynphoid cells, were found in the fenoral bone marrow myel ogranms of all of the
exposed ani mal s but there were no observed differences in the peripheral bl ood
| ynphocytes and nonocytes. It is, accordingly, difficult to evaluate the
clinical significance of the bone marrow tests

The hi ghest NOAEL val ues and all reliable LOAEL val ues for inmunol ogica
effects in each species and duration category are recorded in Table 2-3 and
plotted in Figure 2-3 for organotin conpounds.
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2.2.2.4 Neurological Effects

I norgani c Tin Conpounds. No studies were |ocated regardi ng neurol ogi ca
effects in hunans after oral exposure to inorganic tin conpounds.

In the studies of system c and other effects of inorganic tin conmpounds
inanimals (Sections 2.2.2.1 and 2.2.2.2), clinical signs of neurotoxicity or
behavi oral changes were surprisingly not noted. However, central nervous
systemeffects in animals consisting of ataxia, muscul ar weakness, and
depressi on have apparently been associated with oral exposure to the inorganic
compounds (WHO 1980). Hi stopathol ogi cal exam nations of rats fed | evels of
315 ng tin/kg/day as stannous chloride for 8-9 weeks reveal ed a spongy state
of the white matter of the brain (DeG oot et al. 1973). However, the
treatnent of these animals was terminated at 9 weeks because of the nunber
that were dead or noribund. It is, accordingly, difficult to determine if the
ti ssue changes observed are due to conmpound administration or the poor
physi ol ogi cal status of the aninmals. There were no other neurol ogi cal changes
reported and the neaning of the finding is not clear.

Organotin Conmpounds. Death and intoxication resulting fromthe Stalinon
incidents are described in Section 2.2.2.1. Stalinon contained diethyltin
di odi de and undet ermi ned anounts of triethyltin iodide. It has been
hypot hesi zed that the neurotoxic effects of this preparation were due to the
tributyltin (WHO 1982). Synptons in the affected persons appeared suddenly,
about 4 days follow ng ingestion of the drug, and included vertigo, intense
headache, photophobi a, altered consci ousness, visual inpairment, and
convul si ons. Sensory di sturbances, hypoflexia and | oss of sphincter contro
wer e conmon observations. Deaths occurred after 4-10 days as the result of
deep coma, or nore frequently, acute intracranial hypertension. Autopsies
reveal ed diffuse edema in central nervous systemwhite matter (Foncin and
Gruner 1979). Although there is no clear cause and effect relationship
bet ween this human organotin exposure and the synptons observed, the
experinental studies discussed bel ow denpbnstrate that behavioral and
nor phol ogi cal changes of the nervous system are associated with exposure to
several organotin conpounds.

The effects associated with oral exposure of aninmals to triorganotins
(i.e., trinmethyltin and triethyltin) have been described in a nunber of
studies. Single or repeated doses of trinethyltin chloride or methacrylate
adm ni stered by gavage to rats, produced trenors, hyperexcitability,
aggressi ve behavi or, weight |oss, and convul sions (Brown et al. 1979). The
prom nent hi stopat hol ogi cal change was neuronal alterations in the
hi ppocanpus. This finding is characteristic of the nmethyltins. Studies of
the brain response to electrical stinulation of selected areas of the brain
suggest that reduced inhibition of the nossy fiber system may cause the
hi ppocanpal danmage through overstinulation of the pyramidal cells (Dyer and
Boyes 1984). The behavi oral changes produced by the di nethyl conpounds
general ly have a slow onset, are long in duration, and are soneti nes
irreversible.
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Acut e studi es have al so been conducted to assess the neurotoxic effects
of trinmethyltins in other species. Single doses of 3 ng/kg trinethyltin
chloride to mce and 7.5 ng/kg to rats produced trenmors and aggression. The
si gns appeared sooner and the hi ppocanpal |esions were nore promnent in mce
(Chang et al. 1983). In gavage studies with trinmethyltin chloride, hanmsters,
gerbils, and marnpsets exhibited the characteristic signs of toxicity including
trenors, ataxia, and aggression. Danage to the hi ppocanmpus, pyriformcortex,
fasci a dentata, and anygdal oi d nucl eus were produced in this study at doses
near the |ethal dose for each species: rat (for conparison) -- 12.6 ng/kg
trimethyltin chloride; hanmsters, gerbils, and marnosets --3 ng/kg (Brown et al
1984). The authors state that trimethyltin chloride binds to henoglobin in the
rat resulting in less toxicity. Since this binding does not take place in the
other three species or in humans, the conmpound is distributed nore quickly to
tissues, and greater toxicity is observed. A lethal dose for humans was
estimated by the authors to be 3 ng/kg. However, this sinple extrapolation may
not be warranted; humans may be nore highly susceptible to the neurotoxic and
lethal effects of the trinethyltins than are these other speci es.

Triethyltins produce different effects than do trinethyltins. For exanple,
a specific white matter edenma and nyelin sheath splitting (i.e., the |anellae)
in the central nervous system are produced by exposing rats to 2.8 ny/kg/day
triethyltin sulfate in the drinking water for 22 days (G aham and Gonat as
1973). Extensive vacuole formation was also a feature of the changes. The signs
of toxicity were nmotor dysfunction and paral ysis.

Simlar signs of toxicity were observed in nale rats exposed to 4.2
ng/ kg/ day triethyltin brom de for 3 weeks (Ri chman and Bi er kanper 1984). The
rats devel oped hindlinb weakness in week 1 followed by paresis and paral ysis by
week 3. There was apparent recovery at the end of week 3. The primary
hi st opat hol ogi cal findings were denyelination in the spinal cord, degeneration
of axons of the sciatic nerve, and atrophy of fibers of the soleus nuscle. This
study denonstrated that both nerve and muscul ar conponents are involved in
produci ng peripheral notor dysfunction.

In another drinking water study, both single and repeated doses of
triethyltin bronide produced performance decrenments in a series of behaviora
toxicity tests in rats (Reiter et al. 1980). The effects were rapid in onset
but reversible 1 nonth after exposure was di scontinued. Such findings correlate
well with the effects on the nmyelin sheath (i.e., demyelination). These
changes also illustrate the characteristic effects of the triethyltins as
conpared to trinethyltins. The authors estimted that a behavioral threshold
for the rat is between 8-10 ng/kg/day triethyltin brom de for a
3-week exposure.

It should be noted that the cerebral edema produced by triethyltin can be
regarded as a specific effect. However, the lesions of the bile ducts in rats
and nice previously described for dibutyltin conpounds appear to be a nore
speci es-specific effect.
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Si ngl e gavage doses of tributyltin conpounds at extrenely high doses
(4,000 ng/ kg tributyltin acetate, benzoate, chloride, or oleate) to mce
resulted in hypoactivity, inpaired respiration, and convul sions (Pelikan and
Cerny 1970).

The hi ghest NOAEL val ues and all reliable LOAEL val ues for neurotoxic
effects in each species and duration category are recorded in Table 2-3 and
plotted in Figure 2-3 for organotin compounds.

2.2.2.5 Devel opnental Effects

I norganic Tin Conpounds. No studies were |ocated regarding
devel opnmental effects in humans or aninals after oral exposure to inorganic
tin compounds.

Organotin Conpounds. No studies were | ocated regardi ng devel opnent al
effects in humans after oral exposure to organotin conpounds.

M ce were adninistered 1.2-35 ng/kg/day bis(tributyltin)oxide by gavage
on days 6-15 of gestation in order to evaluate both prenatal and devel opnent al
effects (Davis et al. 1987). Dose-related decreases in fetal weights were
observed with a marked effect (i.e., 20% decrease) at the hi ghest dose |evel.
Sone skeletal abnormalities, such as fused ribs and ossification centers in
the sternebrae and cleft palates, were seen at all dose levels and also in the
control s.

Because of the lack of details for nethods used and statistica
eval uation of the data, as well as the occurrence of devel opnental effects in
both treated and control animals, it is difficult to attribute the effects,
even at the higher doses, to the administration of bis(tributyltin)oxide
Anot her factor, discussed in Section 2.2.2.6, is the maternal toxicity
observed in the studies at dose levels of 23.4 ng/kg/day and above.

Fetal weights were slightly depressed (11% in the offspring of 22 New
Zeal and white rabbits that were given 0.9 ng/kg/day triphenyltin hydroxide by
gavage during the period of organogenesis (Rodwell 1987). Del ayed
ossification of the hyoid bone was al so present but there were no teratogenic
ef fects. These observations are consistent with the effects on materna
wei ght di scussed in Section 2.2.2.6. There were two spontaneous abortions at
the 0.9 ny/kg/day dose which were within the historical norns for the species.
However, effects from adm nistration could not be elinmnated as a cause for
this observation, since there was one abortion in the control and | ow dose
group and none in the nedi um dose group.

Al reliable LOAEL val ues for devel opnental effects in each species and
duration category are recorded in Table 2-3 are plotted in Figure 2-3 for
organoti n compounds.
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2.2.2.6 Reproductive Effects

I norgani c Tin Conpounds. No studies were | ocated regardi ng reproductive
effects in hunans after oral exposure to inorganic tin conpounds.

In a 13-week study in rats, dietary levels ranging from1.5 to 9.2 ng
tin/ kg/ day as stannous chloride, caused testicul ar degeneration (DeG oot
et al. 1973). Hi stopathol ogi cal degeneration was seen in a few ani mals who
were treated for 9 weeks with 30.5 ng/ kg/day and then sacrificed because of
their noribund physiol ogical state. The neaning of the findings is not clear.

Organotin Conmpounds. No studies were | ocated regardi ng reproductive
effects in humans after oral exposure to organotin conpounds.

The pregnant mice admnistered bis(tributyltin)oxide, as described in
Section 2.2.2.5, showed sone maternal toxicity at the doses used in the study
(Davis et al. 1987). One of the six mce at the highest dose (35 ny/kg/ day
bi s(tributyltin)oxide) died, and there was a high rate of resorptions. One of
five litters was conpletely resorbed. Decreases in maternal weight gain were
greatest at this level with only slight decreases observed at the other doses.
The devel opmental effects were nost prominent at the high dose level, and were
nost |ikely secondary to the maternal toxicity.

New Zeal and white rabbits adm nistered doses of 0.3 and 0.9 ng/kg/day as
tri phenyl tin hydroxi de by gavage during the period of organogenesis failed to
gain weight at the sanme rate as the controls or the animals given 0.1
ng/ kg/ day. Food consunption was al so reduced (Rodwell 1987). Male rats fed this
same conpound at doses of 0.3 ng/kg/ day and above di spl ayed a doserel at ed
increase in Leydig cell hyperplasia (p<0.0005) and tubul ar atrophy
(p=0.004) of the testes (Tennekes et al. 1989a) which was not seen in either
rats or mce fed 3.75 ng/ kg/day for 78 weeks (NCl 1978hb).

Femal e rats fed 3.33 nyg/kg/day and 6. 65 nyg/kg/day dibutyltin diacetate
denmonstrated inflanmati on and hyperpl asia of the uterus. The frequency with
whi ch these changes were observed was greater in the | ow dose group than in the
hi gh group (NCI 1978a). However, the tissues from 17 of the 50 hi gh dose group
animals were | ost before nicroscopic exam nation. Thus, caution nmust be used in
interpreting these results. A low incidence of uterine cysts (9-12% but no
i nflammati on was present in nmice given 9.9 or 19.8 nyg/kg/day for the sane
duration (NC1 1978a).

The hi ghest NOAEL val ues and all reliable LOAEL val ues for reproductive
effects in each species and duration are recorded in Table 2-3 and plotted in
Figure 2-3 for organotin conpounds.

2.2.2.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans and ani nmal s
after oral exposure to inorganic tin or organotin compounds.
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O her genotoxicity studies are discussed in Section 2.4.
2.2.2.8 Cancer

I norgani c Tin Conpounds. No studies were |ocated regardi ng cancer
effects in hunans after oral exposure to inorganic tin conpounds.

A carci nogenesi s bioassay for stannous chloride was conducted in nale
and female rats and nmice. Diets containing 32 or 63 ng tin/kg/day as stannous
chloride were fed to rats and 82 or 164 ng tin/kg/day to mce for 105 weeks
(NTP 1982). Aspects of the toxicity of stannous chloride observed during
prechronic studies conpleted prior to the bioassay have been presented in
Sections 2.2.2.1 and 2.2.2.2. Tunors occurred at increased incidences in the
dosed groups in the bioassay. These included Ccell adenomas of the thyroid
in lowdose male rats, lung adenomas in the high-dose nmale rats,
hepat ocel | ul ar adenomas and carci nomas and histiocytic | ynphomas in both | owand
hi gh-dose femal e nmice. However, the authors concluded that the incidences
of the tunors relative to the histological control rat and nouse data were
simlar and not clearly related to administration of stannous chloride. The
possibility that the Ccell tunors in the thyroid may have been related to
stannous chl oride feeding was not ruled out since the incidence in the |ow
dose group but not the high dose group is significant with conparison to the
controls and historical controls. Despite the reservation the conclusion from
the NTP (1982) data was that stannous chloride was not carcinogenic for male
or female rats or mice under the experinental conditions of the study.

An earlier chronic oral study that evaluated the carcinogenic potentia
of sodi um chl orostannate nust be regarded as flawed for several reasons. The
rats were fed on irregul ar dose schedul es and nost of the aninmals devel oped
pneunonia (Roe et al. 1965). After 1 year, three nmalignant tunors were
identified in 30 rats, Long-termchronic studies of stannous chloride in rats
and nmice were conducted using a single | ow dose exposure and limted pathol ogy
studi es (Schroeder and Bal assa 1967; Schroeder et al. 1968). The authors
concl uded that stannous chloride was not carcinogenic.

Organotin Conmpounds. No studies were | ocated regardi ng cancer effects
in humans after oral exposure to organotin conpounds.

A carci nogenesi s bioassay for dibutyltin diacetate was conducted in male
and fenmale rats and mice (NC 1978a). Rats received dietary levels of 3.33 or
6. 65 ng/ kg/ day dibutyltin diacetate for 78 weeks followed by a period of no
compound adnini stration for 26 weeks. Mce al so received the compound in the
di et at dosage levels of 9.9 or 19.8 ng/kg/day for 78 weeks followed by a
period of no conpound adm nistration for 14 weeks. Evaluation of this study
was based largely on statistical tests of treated versus control data. There
were generally no significant differences indicated such as with the
hepat ocel | ul ar adenomas observed in male and femal e mice. However, there was
an inportant problemw th the study, nanely, the | oss of tissues from 17 high
dose fermale rats. This prevented an eval uation of uterine neoplasns sone of
whi ch had been seen in the low level fenmale rats. Apparently there were no
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historical control data available at the time for evaluation of background
versus experinmental findings. The general conclusion was that dibutyltin

di acetate was not carcinogenic for male rats and nmale or fermale mce under the
experinental conditions of the study. The | oss of the tissues prevented
reaching a conclusion with regard to the relationship between dibutyltin

di acel ate and the occurrence of uterine neoplasnms in fenmale rats.

Anot her organotin conpound, triphenyltin hydroxide, was tested in a
bi oassay using male and female rats and mce (NC1L 1978b). The regi nmen
i ncluded dietary feeding for 78 weeks followed by a 26-week observation
peri od. Dosage levels were for rats: 1.88 and 3.75 ng/kg/day as triphenyltin
hydroxi de and for mce: 4.88 and 9.75 ng/kg/day. Survival was affected in
mal e mce but no other effects were observed in the mce or the rats. Tunors
seen in treated animals were conparable to controls. Historical control data
were apparently not available at the tinme for evaluation of background versus
experinental findings. The general conclusion was that triphenyltin hydroxide
was not carcinogenic for male and female rats and nice under the experinental
condi tions of the study.

In contrast to these results, |longer-term studies of the carcinogenicity
of triphenyltin hydroxide in rats and m ce, using hi gher nmaxi mum doses,
produced tunors in both species (Tennekes et al. 1989a, 1989b). In rats
adm ni stered doses of from0.3 to 6.2 ng/kg/day triphenyltin hydroxide in the
diet, there was a dose-related increase in pituitary adenomas in the exposed
femal es at 104 weeks. Although the incidence of this lesion was high in the
control animals (64.4%, it was even greater in the exposed animals especially
at the two highest dose levels (76.8% and 93.1% respectively). There was
al so a dose-rel ated decrease in survival for the fermal es which was related to
the tunor incidence. Only 23% of the femal es receiving the highest dose were
alive at the term nation of the study as opposed to 80% of the nal es.

The nunbers of nmales with testicular Leydig cell tunors was increased in
ani mal s exposed to 5.2 ng/kg/day triphenyltin hydroxide for 104 weeks (16.7%
as opposed to 1.7%in the controls).

Tunors were also present in mce given diets containing 0.9-20.2 ng/kg/day
triphenyltin hydroxide. After sacrifice at 80 weeks, exami nation of the tissue
reveal ed an increased incidence of hepatocellul ar adenomas in both sexes. These
tunors were consistent with the nodular hyperplasia seen in the livers of the
treated animals. As was the case with the rat study, the fenal es appeared to be
nore sensitive than the males. There was decrease in survival for the fenales
at the highest dose. Only 50% of the fenmales receiving this dose were alive at
the termnation of the study as opposed to 70% of the males in the sanme dose
group and 74% of the female control animals.

In a conbined toxicity and carcinogenicity study, rats were fed diets
contai ning 0.025, 0.25, and 2.5 ng/kg/day bis(tributyltin)oxide for 106 weeks
(Wester et al. 1987). An increased incidence of sonme benign tunors was observed
in both sexes of the high dose level rats. Included were interior
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pituitary adenomas (prolacti nonas) and pheochronocytonas in the adrena

medulla. In males only, adrenal cortical adenomas were decreased and

par at hyroi d adenonmas were increased at this high level. In females only,
adenocar ci nomas of pancreatic origin acconpani ed by netastases, were seen. The
aut hors concluded that their results could not be considered evidence of
carcinogenicity but that the changes may be related to a direct action of

bi s(tributyltin)oxide on the endocrine glands. Until conplete details of this
study are provided, it will not be possible to nake an appropri ate eval uation
of the data presented in the prelimnary report of the findings.

2.2.3 Dermal Exposure

Except for dermal/ocular effects (Section 2.2.3.2) there is no information
that describes health effects in humans or aninmals after dermal exposure to
i norganic tin or organotin conpounds. Table 2-4 summari zes avail abl e
guantitative information on health effects that have been observed
in animals after dermal exposure to organotin compounds.

2.2.3.1 Death

I norganic Tin Compounds. No studies were |ocated regarding death in
humans or animals after dermal exposure to inorganic tin conmpounds.

Organotin Conmpounds. The death of a fermal e worker accidentally drenched
in phenyltin and other unidentified conpounds was described in Section 2.2.1.1.
Second and third degree burns devel oped 12 hours follow ng the accident (N OSH
1976) .

There is a listing of dernal LD, values in aninals for a nunber of
organotin conpounds (Smith 1978). A dermal LD, in rabbits was reported to be
11,700 mg/ kg bis(tributyltin)oxide (El sea and Paynter 1958). For rats, an LD, of
605 ng/ kg is given (Smith 1978). Despite variations in values for other
compounds such as benzoates, naphthenates, and fluorides, the acute
dermal toxicity of organotin conpounds is generally less than by the ora
route. The LD, values. for representative species in the acute- and
i nternmedi ate-duration category are recorded in Table 2-4. Doses are expressed
as ng/ kg/ day conpound rather than as doses of tin.

2.2.3.2 Systemc Effects

I norganic Tin Conpounds. No studies were |ocated regarding respiratory,
cardi ovascul ar, gastrointestinal, hematol ogical, mnuscul oskeletal, hepatic, or
renal effects in humans or aninals after dermal exposure to inorganic tin
compounds.

Organotin Conmpounds. No studies were | ocated regarding respiratory,
cardi ovascul ar, gastrointestinal, hematol ogi cal, mnmuscul oskeletal, hepatic, or
renal effects in humans after dermml exposure to organotin conpounds.



TABLE 2-4. Levels of Significant Exposure to Organotin Compounds - Dermal

Exposure LOAEL (effect)
frequency/ NOAEL Less serious Serious
Species duration System (mg/kg/day) (mg/kgl/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Death
Rat 1d 605 (LD50) Smith 1978 C,.H,,08n,
1x/d
Rabbit 1d 11700 (LD50) Flsea and C,.Hs,05n,
1x/d Paynter 1958
INTERMEDIATE EXPOSURE
Death
Rabbit 90 d 68 (7/10 animals Sheldon 1975 C,,H,,FSn
5d/wk died)
Thr/d
Gn Pig 50 d 40 (LDS0) Mori et al. 1984 C,.Hs,08n,
1x/d
Systemic
Rabbit 90 d Derm/oc 14 Sheldon 1975 C,,H,,FSn
5d/wk
7Thr/d
Gn Pig 50 d Renal 10 (tubule Mori et al. 1984 C,,H,,08n,
1x/d degeneration)
Other 10 (decreased body 40 (severe decrease
weight) in body weight)
C,H,,FSn = tributyltin fluoride; C,H,0Sn, = tributyltin oxide; d = day(s): Derm/oc = dermal/ocular; Gn pig = guinea pig:

hr = hour(s); LD50 = lethal dose, 50X kill; LOAEL = lowest-observed-adverse-effect level: NOAEL = no-observed-adverse-effect level;
wk = week(s): x = time(s)
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No studies were |ocated regarding respiratory, cardi ovascul ar,
gastroi ntestinal, hematol ogical, nuscul oskel etal, and hepatic effects in
animal s after dermal exposure to organotin compounds.

Renal Effects. Doses of 10 or 40 ng/kg/day bis(tributyltin)oxide were
applied to the shaved skin of nmmle guinea pigs at doses of 10 or 40 ng/kg/ day
for 50 days (Mori et al. 1984). Swelling, degeneration, and destruction of
tubul ar epitheliumwas observed but there were no changes in the gl onerul us.
There was al so an increased excretion of sodium chloride, phosphate, glucose,
and amino acids in the urine but decreases in phosphate and amno acids in the
serum According to the authors, these findings constitute a secondary
Fanconi syndrone. These renal tubular changes are simlar to those seen with
i norganic tin conpounds after oral exposure (see Section 2.2.2.2) and suggest
that the compound was absorbed system cally.

The hi ghest NOAEL value for rabbits and a reliable LOAEL val ue for
gui nea pigs in the internmediate-duration category is recorded in Table 2-4.

Dermal / Ocul ar Eff ects.

I norganic Tin Compounds. No studies were |ocated regarding
dermal /ocul ar effects in humans after dernal exposure to inorganic tin
conmpounds.

Stannous fluoride (0.25 and 0.5% and stannous chloride (1 and 2%
produced | eukocyte pustules in rabbit skin along the area adjacent to an
abdoni nal epidermal scratch. Infiltration of the tissue w th pol ynorphonucl ear
and nononucl ear | eukocytes were present in the absence of pustul es at
a stannous chloride concentration of 0.5% and a stannous fluoride
concentration of 0.1%

Organotin Conmpounds. |In contrast to the inorganic tin conmpounds, there
is nore information available for organotin conpounds from acute and
i ntermedi ate dernal exposure studies in hunans and ani nal s.

It is known that organotins are both skin and eye irritants in humans
(Shel don 1975). Direct skin contact with triphenyl fluoride produced an
irritant contact folliculitis in a male worker (Andersen and Petri 1982).
Patch tests were perforned in human subjects, as well as in guinea pigs and
rabbits, but the dermatitis could not be reproduced. An irritant contact
dermatitis was al so seen in workers using a paint containing bis(tributyltin)
oxi de (Goh 1985). An earlier study had shown that bis(tributyltin)oxide
severely irritated human skin and al so produced a contact folliculitis (Lyle
1958). Sensitization was not observed in any of the referenced studies nor in
a separate study of bis(tributyltin)oxide-based paints (Gammeltoft 1978). Eyes
accidentally splashed with bis(tributyltin)oxide showed |acrimation and intense
conjunctival changes. These studies illustrate that skin and eye danage nay
result fromdermal exposure of humans to organotin conpounds.
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Ani mal studies tend to confirmthe dermal/ocul ar effects reported for
humans. Bis(tributyltin)oxide is a severe irritant to the skin and an extrene
eye irritant in rabbits (Sheldon 1975). By contrast, tributyltin fluoride and
triphenyltin fluoride produced only nminimal skin irritation but were al so
extrene eye irritants (Sheldon 1975). O her acute studies have |ikew se
denmonstrated the skin irritating potential of bis(tributyltin)oxide and
triphenyltin acetate in rats (Klinmmer 1969; Pelikan and Cerny 1968).

In a 90-day repeated dose dermal study, rabbits devel oped skin
irritation at each of three levels tested (14, 27, and 68 ny/ kg/ day
tributyltin fluoride) (Sheldon 1975). Deaths occurred in 7 of 10 rabbits at a
| evel of 68 ng/kg, but surviving animals eventually returned to nornmal a few
days after conpound was withdrawn. A | evel of 14 ng/kg (65 applications) was
stated by the authors to be a NOAEL despite local irritation at the
application sites. In view of the exaggerated daily contact with the rabbit
skin, this value seens reasonabl e since such high Ievels of daily exposure
woul d not be the case in humans. However, a detailed report of this study was
not available for review

A guinea pig study also confirned the human experience that
bi s(tributyltin)oxide does not produce sensitization (Schweinfurth and Gunze
1987) .

No studies were |located regarding the follow ng effects in humans or
animals after dermal exposure to inorganic tin or organotin conpounds:

. 3.3 I munol ogi cal Effects
.3.4 Neurological Effects
. 3.5 Devel opnental Effects
. 3.6 Reproductive Effects
.3.7 Genotoxic Effects

NN
NN N NN

No studies were | ocated regardi ng genotoxic effects in humans or aninals
after dermal exposure to inorganic tin or organotin conpounds.

Genotoxicity studies are discussed in Section 2. 4.
2.2.3.8 Cancer

I norganic Tin Conpounds. No studies were |ocated regardi ng cancer
effects in humans or animals after dermal exposure to inorganic tin conpounds.

Organotin Compounds. No studies were | ocated regardi ng cancer effects
in humans after dermal exposure to organotin conpounds.

In alimted evaluation of carcinogenicity, tributyltin fluoride was
applied to the shaved backs of male white mce 3 tinmes per week for a period
of 6 nonths. Treated mice received 15 ng of 5% or 10% of the compound in
propyl ene glycol. Hyperplastic skin changes were observed in the 5% but not
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in the 10% group (Shel don 1975). Carcinogenic effects were not observed in
this study, which was only of internediate duration. No other studies were

| ocated regarding cancer effects in animals after dernmal exposure to organotin
compounds.

2.3 TOXI COKI NETI CS
2.3.1 Absorption

The results of toxicity studies suggest that inorganic tin conpounds are
not readily absorbed after oral or inhalation exposure and show only limted
effects after dermal exposure. Organotin conpounds are nore readily absorbed
by these three routes of exposure.

2.3.1.1 Inhalation Exposure

I norganic Tin Conpounds. No quantitative studies were |ocated regarding
absorption in humans or aninmals after inhalation exposure to inorganic tin
conmpounds.

Organotin Conmpounds. No quantitative studies were | ocated regarding
absorption in humans or aninals after inhalation exposure to organotin
conmpounds.

2.3.1.2 Oral Exposure

I norganic Tin Conpounds. No studies were |ocated regardi ng absorption
in humans after oral exposure to inorganic tin conpounds.

In animal s, data suggest inorganic tin conmpounds are not readily
absorbed. At 48 hours after oral administration of “’Sn (a gamma-ray
emtting radionuclide), approximtely 95% or nore of the adm nistered
radi oactivity was recovered in feces, with 1%or less in urine (Hles 1974).
The various forms of tin ('°Sn) conpounds adninistered were stannous
pyrophosphate (Sn,P,Q), stannous fluoride (SnF,), stannic fluoride (SnF),
stannous citrate (Sn[ll]citrate), and stannic citrate (Sn[lIV]citrate). The
absorption of Sn [Il] fromthe gastrointestinal tract was reported to be 2.85%
inrats, while 0.64% of the administered Sn [I1V] was absorbed (Hiles 1974).

Organotin Conpounds. No definitive studies were | ocated regarding
absorption of organotin conpounds in hunmans. The retention of tetral kyltin
compounds in various tissues in rats provides qualitative evidence of
absor pti on.

2.3.1.3 Dernal Exposure

I norganic Tin Conpounds. No studies were |ocated regardi ng absorption
in humans or aninals after dernmal exposure to inorganic tin conpounds.
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Organotin Conmpounds. No studies were | ocated regardi ng absorption in
humans after dernmal exposure to organotin conpounds.

Renal tubul ar changes were observed in guinea pigs after dermal exposure
up to 100 ng/ kg/ day bis(tributyltin)oxide for 50 days (Mori et al. 1984). The
changes were simlar to those seen with inorganic tin conpounds after ora
exposure and are suggestive of system c absorption.

2.3.2 Distribution

Tinis widely distributed in human tissues. Table 2-5 shows the highest
concentrations, which are located in the kidney, liver, lung and bone (Kehoe
et al. 1940; Schroeder et al. 1964). Tin was not detected in brain tissue
(Kehoe et al. 1940).

St udi es have shown that tin accunulates in human tissues rapidly during
the first ten years of life in kidney and liver (Schroeder et al. 1964).
Ki dney | evels were not detected at birth and peaked (57-60 ng tin/kg) at
| -10 years. Levels declined and remai ned constant after 11 years. Tin was
not detected in the liver at birth but values of 48-60 ng tin/kg were found by
age 10. In the lungs, tin appeared to increase with age, wi th the highest
| evel s (53-64 ng tin/kg) at ages 51-84 (Schroeder et al. 1964). Although
these data indicate trends in tin accunulation in human ti ssues, w de
variations in tissue concentrations are known to occur. The variations are
related to different exposure conditions.

2.3.2.1 Inhal ati on Exposure

I norgani c Tin Conpounds. No studies were |ocated regarding distribution
in humans or aninals after inhalation exposure to inorganic tin conpounds.

Organotin Conmpounds. No studies were |ocated regarding distribution in
humans or animals after inhalation exposure to organotin conpounds.

2.3.2.2 Oral Exposure

I norgani c Tin Conpounds. No studies were '|ocated regarding distribution
in humans after oral exposure to inorganic tin conmpounds.

Smal | amounts of tin frominorganic sources have been detected in the
liver, kidney, and bone, with trace anpbunts in other tissues. Approximtely 48
hours after oral administration of 20 ng tin/kg/day (as Sn [Il] and Sn [1V]
citrate) in rats, the percentages of the dosed Sn (II) or Sn (I1V)/kg,
respectively, detected in various tissue were 1.02 and 0.24 (skeleton), 0.08
and 0.02 (liver), and 0.09 and 0.02 (kidneys) (Hles 1974). Differences in
ti ssue concentrations of the two valence fornms of tin suggest that tinis
unlikely to be oxidized or reduced during absorption and system c transport.
In rats that received 20 ng tin/kg/day over 28 days, tin levels in kidneys and
liver were approximately the sane as after a single oral dose (Hiles 1974).
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TABLE 2-5. Mean Tin Levels in Human Tissue®

Tissue Wet weight (mg/kg)
Kidney 0.2-0.78
Heart 0.2

Brain ND

Liver 0.35-1.0
Spleen 0.2

Lung 0.45-1.20
Muscle 0.1

Bone 0.5-8.0
Gastrointestinal tract 0.1-0.5

ND = not detected

*Adapted from Kehoe et al. 1940; Schroeder
et al. 1964,
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The half-life of Sn [II1] for liver and kidney was reported to be 10-20 days.
However, the levels in bone were eight tinmes higher than those found after a
single oral dose (Hiles 1974). A half-life of 20-40 days was reported for

both Sn [I1] and [IV] in bone of rats administered 20 ng Sn [II] or Sn [IV]/Kkg
(Hiles 1974).

O her ani mal studi es support the finding of | ow accurmulation of tin in
body tissues, including bone, liver, and kidneys. In rats orally adm nistered
0.6, 2.0, and 6.0 ng tin/kg/day as stannous chloride for 13 weeks, tin |levels
in the Iiver and bone increased significantly (p<0.0l) over control values at
the internedi ate and hi ghest dose tested, but not at 0.6 (Yamaguchi et al
1980). The concentration of tin (in pg/g tissue) was 0.38 and 21.6 in the
liver and bone (fenur), respectively, followi ng adm nistration of 6 ng
tin/kg/day. When 2.0 ng tin/kg/day was administered, tin | evel in bone was
7 ug tin/g (p<0.01). Corresponding levels in the control were 0.24 and 2. 05.
In rats fed 30.5 or 61.0 ng/kg/day stannous chloride for 105 weeks,
concentrations of tin in the tissues were 9 (bone), 17 (kidney), and 0.2 ug/g
(liver) (NTP 1982). Tin levels increased with higher doses. Wen fenal es
were fed conparabl e doses of stannous chloride, tin levels were higher than
those detected in nmale tissues (NTP 1982). Concentrations (in pug tin/g wet
tissue) were 20, 47, and 0.3 in bone, kidney, and liver, respectively. Tin
| evel s increased at higher doses (NTP 1982). Mean concentrations in ug tin/g
wet weight were 1.88 in spleen and | esser amounts (0.17-0.93) in kidney,
liver, lung, and heart in rats adm nistered 0.43 ng tin/kg/day throughout
their lifetinme as stannous chloride (Schroeder et al. 1968).

Tin has al so been detected in blood and brain tissue after exposure to
hi gh dose levels. Blood tin increased in 1 week in rats that ingested tin in
drinking water at a dose of 42.7 ng tin/kg/day as stannous chloride, but did
not differ fromcontrol levels when rats were adm nistered a dose of 8.5 ng
tin/kg/day (Savol ai nen and Val konen 1986). Tin has al so been detected in
brain tissue and levels increased with increased exposure duration. Brain tin
accunul ated at a dose of 42.7 ng tin/kg/day during an 18-week exposure period
but did not increase during this same period at a dose of 8.5 ng tin/kg/day
(Savol ai nen and Val konen 1986).

Tin does not appear to readily cross the placenta. At 10 days of
gestation, tin was not found in the uterine horns or conbined fetuses and
placentas in rats follow ng daily ingestion of 20 ng tin/kg/day as '°SnF, or
"“SnF(Hiles 1974). However, at 21 days, fetuses of dams admi nistered
20 ng/ kg/ day as SnF,, contained very low levels of tin. The detection of |ow
| evel s and the absence of devel opnental effects suggest placental restriction
of tin transfer to the fetus.

Organotin conmpounds. No studies were | ocated regarding distribution in
humans after oral exposure to organotin conpounds.

Tin has been detected in rats after oral adninistration of 10 ng/kg/ day
tetral kyltin conpounds (tetraethyltin, tetrapropyltin, and tetrabutyltin)
(Iwai et al. 1982b). The conpounds were found in the gastrointestinal tract,
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ki dney and liver, while no retention was observed in brain and bl ood. The
gastrointestinal tract retained primarily tetrapropyltin and tetrabutyltin.
Levels (in ug tin/g wet tissue) were highest in the jejunum (5 and 4 pug tin/g,
respectively). In the kidney, all 3 tetralkyltin conpounds were found and

| evel s ranged from1 pug tin/g (tetrabutyltin) to less than 4 pg tin/g
(tetraethyltin and tetrapropyltin). The liver retained primarily
tetrabutyltin (approximately 2 pg tin/g). The authors' suggestion that the
route, rate, and anount of excretion of the tetra- and trialkyltins depend on
di al kyl ati on, doses, physical and chem cal properties, and route of

adm ni strati on appears reasonabl e.

O her studies involving trialkyltin conmpounds al so showtin is retained
in the liver; however, alkyl tin conpounds are rapidly converted to
nmet abolites. When rats were adm nistered a single oral dose of 40 ng/kg
tributyltin fluoride by gavage, there was a transient increase in tributyltin
inthe liver 24 hours after treatnment (Iwai et al. 1981). However, a rapid
decrease in hepatic tributyltin was observed after the initial increase and
there was a corresponding increase in concentration of its netabolites
(di butyltin, nonobutyltin, and inorganic Sn [IV] (lwai et al. 1981).
Simlarly, tributyltin was detected in brain tissue in rats adm nistered a
single oral dose of 40 ng/kg tributyltin fluoride by gavage. Mre
importantly, there appeared to be an increased accunul ati on of netabolites of
tributyltin (nmonobutyltin and inorganic tin [IV]), suggesting deal kyl ation
reactions in brain tissue (Ilwai et al. 1981). These findings further suggest
that the blood-brain barrier does not |imt uptake of tin into the central
nervous system

The highest levels of tin were found in the liver and kidneys (15 ny/kg
wet tissue) in rats admnistered 16 ng/ kg/ day bis(bis(tributyltin)oxide)
(Krajnc et al. 1984). Levels in the brain and adi pose tissue were | 0% 20% of
the kidney and liver' levels (Krajnc et al. 1984). These |evels appear to be
simlar to the rat data reported by Iwai et al. (1981, 1982b).

2.3.2.3 Dernmal Exposure

I norgani c Tin Conpounds. No studies were |ocated regarding distribution
in humans or aninals after dernal exposure to inorgani c conpounds.

Organotin Conmpounds. No studies were |ocated regarding distribution in
humans or animals after dermal exposure to organotin conpounds.

2.3.3 Metabolism

I norganic Tin Compounds. No studies were located in humans or aninals
on nmetabolismof inorganic tin after inhalation, oral, or dermal exposure.

Organotin Conmpounds. No studies were | ocated in humans on mnetabol i sm
after inhalation, oral, or dermal exposure to organotin conpounds. However
it is suggested that the appearance of tin in urine may be used as evi dence of
met abol i sm of organotin conmpounds.
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In animals, there are linted data on the netabolic conversion of tin
compounds in vivo. A decrease in tributyltin and a noderate-to-|arge increase
of metabolites in the liver of rats admnistered a single oral dose of
40 ng/ kg tributyltin fluoride suggest deal kylation is a major reaction (Ilwai
et al. 1981). Studies involving netabolismof organotin conpounds after
parenteral exposure and in the in vitro tests support these findings. The
mechani sm of conversion is not clear; however, oxidative nechanisns may be
i nvol ved. When rats were adm nistered a single intravenous dose of 20 ng/kg
tetraethyltin, triethyltin was detected in several tissues w th highest
concentration in the blood and liver (Crener 1958). A high concentration of
triethyltin was found in the liver of a rabbit that received a single
i ntravenous injection of 25 ng/kg tetraethyltin (Crenmer 1958). However, | ower
concentrations were detected in kidneys, brain, and whole blood. In the in
vitro tests, liver slices converted tetraethyltin to triethyltin nore rapidly
than ki dney slices; brain and bl ood sanples did not convert tetraethyltin to
triethyltin (Cremer 1958). The findings fromboth in vivo and in vitro
studies indicate that the liver is the nobst active site of the conversion of
tetraethyltin into triethyltin.

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

I norgani c Tin Conpounds. No studies were |ocated regardi ng excretion in
humans or aninals after inhalation exposure to inorganic tin.

Organotin Compounds. Limted excretion data from occupational studies
suggest tin may be absorbed to sone extent. Approximtely 625-1, 600 ppb were
detected in urine sanples of workers exposed for an unspecified duration (Rey
et al. 1984). No data were provided on tine of detection after exposure.
Conditions in the plant were conducive to both inhalation and derma
exposures. Therefore, the extent to which absorption foll owed inhal ation
exposure in this study is inconclusive.

2.3.4.2 Oral Exposure

I norgani c Tin Conpounds. No studies were |ocated regardi ng excretion in
humans after oral exposure to inorganic tin conpounds.

Ani mal data suggest excretion is rapid in rats and occurs prinmarily in
feces. At 48 hours after dosing, 95% 100% of the adninistered "°Sn (as Sn
[Il1] or Sn [IV] citrate, Sn,P,Q SnF, and SnF,,) was recovered in feces while
| ess than 1% was detected in urine (Hles 1974). O the |abel appearing in
urine, 80% 90% of the radioactivity was detected in the first 10 hours after
exposure, while no "Sn was detected in feces during this period.

Organotin Conmpounds. No studies were | ocated regarding excretion in
hunmans after oral exposure to organotin conpounds.
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2.3.4.3 Dernmal Exposure

I norganic Tin Compounds. No studies were |ocated regardi ng excretion in
humans or animals after dermal exposure to inorganic tin conmpounds,

Organotin Conmpounds. No studies were | ocated regarding excretion in
hunmans or animals after dermal exposure to organotin conpounds.

2.4 RELEVANCE TO PUBLI C HEALTH

The data presented in Section 2.2 for acute-duration internedi ate-duration
and chroni c-duration exposures to inorganic and organic tin are inadequate to
establish MRL values by either the inhalation or oral routes of exposure. NOAEL
and LOAEL val ues were identified for both inorganic and organic tin conpounds
but were determ ned to be unsuitable for use as the basis of MRL val ues.

Ef fects of inorganic tin conmpounds on henmatopoiesis, liver, kidney, and the
gastrointestinal tract were noted in several studies of internediate duration.
However, the data were confounded by decreases in food intake, poor weight
gain, and differences in the trace nutrient conposition of the standard diets,
In addition, the tin content of the standard di et was generally not known and

t he data on conpounds other than stannous chloride was mninmal. Accordingly, it
was not possible to ascribe the observed effects solely to tin.

The data presented for organotins cane from studi es of a broad
assortnent of different chemicals with differing organic noieties. No one
organic tin compound coul d be regarded as typical of the organotin famly
This diversity in conmpound characterizations and effects contributed to the
decision that valid MRL values could not be calculated for organotin
conmpounds. Acute-duration, internediate-duration, and chronic-duration dernma
MRLs were not derived for tin and its conpounds due to the |ack of an
appropri ate nethodol ogy for the devel opnent of dermal MRLs.

Dermal contact with or ingestion of soil or sedinents contami nated with
tin or its conmpounds coul d be possible routes of exposure for people living
near hazardous waste sites. Contam nated drinking water should not be
regarded as an inportant route because tin conpounds are generally not very
wat er sol uble. Stannous chloride is an exception. Likew se, tin conmpounds
are not volatile, and inhalation exposure should not usually be a problem
around waste sites. Ingestion of food or beverages fromtin cans and
occupati onal exposure appear to be the najor potential sources of health
concerns.

There is essentially no information concerning effects in humans or
animals after inhalation of inorganic tin conpounds except for deposits of tin
observed in the lungs of workers exposed for a long tinme. No functiona
changes or system c di sease were observed and this finding has not been noted
in aninals.
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By contrast, organotin conmpounds produce simlar health effects in
humans and animals after acute and intermedi ate inhal ati on exposure. Deaths
in workers exposed to nethyltins were preceded by respiratory depression and
neur obehavi oral changes. Autopsies revealed |iver and ki dney pat hol ogy.
Irritation of the upper respiratory tract and skin and eye irritati on have
been seen in humans. Generally speaking, the aninmal data confirmthe human
effects after inhalation exposure to the organotins.

The potential effects of oral exposure to both inorganic tin and
organoti n conpounds have been identified in nunerous ani mal studies. Direct
observations in humans are few and no epi dem ol ogi cal studies were | ocated.
Gastroenteritis was described for people who ate food or drank juice fromtin
cans processed before | acquering and ot her newer technol ogy was devel oped. A
| arge nunber of deaths, preceded by neurobehavioral disturbances, occurred in
peopl e after they had taken the drug, Stalinon, which contained a triethyltin
compound. The neurotoxic effects of triethyltin and trinethyltin conmpounds
have been denmonstrated in animal studies of acute and internedi ate duration.

Effects noted in aninmals after oral exposure to inorganic tin conmpounds
are much | ess pronounced than for the organotins but do include observations
of gastrointestinal disturbances, anem a, |liver, and ki dney changes. Organotin
conmpounds produce sinilar changes plus imunol ogical, neurol ogical, and sone
devel opnental and reproductive effects.

Al t hough dernal exposure is potentially inmportant as a route of exposure
around hazardous waste sites, the limted data on dermal/ocular toxicity do
not permt a conplete evaluation of the toxic potential of the tin conpounds
by this route. Skin and eye irritation and dernmatitis have been observed in
bot h humans and animals after acute and internedi ate exposure to inorganic tin
or organotin conpounds. None of the conpounds appear to cause derna
sensitization in humans or ani el s.

No studies were | ocated regardi ng genotoxic effects in humans or aninals
after inhalation, oral, or dermal exposure to inorganic or organotin
conmpounds.

There is al so no concl usive evidence that inorganic tin conmpounds have
carci nogeni c properties. However, there are data which indicate that
organotin conpounds (bis(tributyltin)oxide and triphenyltin hydroxide) may be
tunorigenic at low levels of tin. Bis(tributyltin)oxide (2.5 ng/kg/day) and
triphenyl tin hydroxide (0.3-6.2 ng/kg/day) were associated with pituitary
adenormas in rats of both sexes with exposures of 104-106 weeks. Wen
triphenyltin hydroxi de was admi nistered, the pituitary adenonmas were present
only in the femal es and contributed to decreased | ongevity.

In the studies of long-termexposure of rats to both triphenyltin
hydr oxi de and bis(tributyltin)oxide, nbst of the tunors were found in
endocrine glands. In addition to the pituitary adenomas associated with
bi s(tributyltin)oxide and triphenyltin hydroxi de, there was al so an increased
i nci dence of pheochronocytomas of the adrenal gl and, parathyroid carci nonas
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and pancreatic adenocarcinonmas in aninmals fromat |east one sex. Triphenyltin
hydr oxi de was associated with an increased incidence of testicular Leydig cel
tunors in nmale rats at the highest dose. Hepatic tunors were found in nale
and fenmale nice follow ng 80 weeks of triphenyltin hydroxide adm nistrati on.

The EPA O fice of Pesticide Prograns reviewed the data for the tunorigenicity
of triphenyltin hydroxide and classified it as a possible human carci nogen
(Group B2) based on the tunmors found in both rats and mce during

chroni c studies of carcinogenicity: The nost appropriate estimate of the unit
risk in human equivalents was a gql* of 2.8 (ng/kg/day) ' fromthe data on
pituitary gl and adenonmas in fenale rats.

Death. No deaths in humans have been reported after either oral or

dermal exposure to inorganic tin compounds or follow ng dermal exposure to
organoti n conpounds. Deaths have occurred in humans and animals after

i nhal ati on and oral exposures of organotin conmpounds. Triethyltins have
specifically been inplicated in deaths of people occupationally exposed and
those taking an oral drug containing a triethyltin conpound. Neurobehavi oral
changes were seen prior to death and in survivors. For sone individuals the
neur ol ogi cal problems were resolved within 6 nonths. For others, synptons
persi sted and required nedical treatnment for over 2 years. Aninal studies
have confirnmed these signs. Inorganic tin and organotin | evels at hazardous
wast e sites woul d probably not be high enough to result in deaths of humans.
However, the long term exposure of humans to | ow | evel s of tin conpounds at
waste sites, in industrial neighborhoods, or in the environnment has not been
evaluated in ternms of effects on human | ongevity.

System c Effects.

Respiratory Effects. Respiratory effects were seen only after
i nhal ati on exposure of humans to inorganic tin and organotin conmpounds and
animals to inorganic tin conpounds. Methyltins caused respiratory depression
prior to death of workers occupationally exposed. A benign form of
pneunoconi osi s, known as stannosis, was observed in workers exposed to stannic
oxi de dust and funmes for 15-20 years. However, no functional inpairnent or
system c di sease was seen. Irritation of the upper respiratory tract has al so
been described in workers using bis(tributyltin)oxide. No such effects were
seen in humans or animals after oral or dermal exposure to these conpounds.
There exists the possibility of adverse respiratory effects resulting from
i nhaling tin conmpound fumes and dust over a period of time at hazardous waste
sites but probably only in very rare instances.

Gastrointestinal Effects. Gastrointestinal effects of different
severities, consisting of irritation of the nmucous nenbranes of the stonach
and intestines, have been observed in humans. This has usually been after
oral exposure to inorganic tin via the eating of food or drinking liquids from
tin containers. Animals have exhibited distention of the stomach and
intestines after oral exposure to both inorganic tin and organotin conmpounds.
No such effects have been observed in humans or aninals after inhalation or
dermal exposure. Ingestion of tin-contam nated soils or sedinments at
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hazardous waste sites could present gastrointestinal problens but probably
only in rare instances.

Hemat ol ogi cal Effects. No hematol ogi cal effects have been observed in
hunmans after inhalation, oral, or dernmal exposure. Anenmia was seen in rats
exposed to repeated oral doses of both inorganic tin and organotin conpounds.
No such effects were observed in rats after inhalation or dernmal exposure. It
is unlikely that tin conpounds woul d cause hematol ogical effects in people in
the vicinity of hazardous waste sites.

Hepatic Effects. Hepatic effects have been observed follow ng ora
exposure of rats to inorganic tin as stannous chloride. However, the observed
effects (bile duct hyperplasia, fat infiltration, and cytoplasmic clarity)
were not present in the NTP subchronic, and chronic investigations of this
compound in rats and mice even at higher doses. There are reports of |iver
pat hol ogy, consisting primarily of fatty degeneration, for humans and aninmal s
exposed by inhalation and for aninmals after oral exposures to organotin
conmpounds. This change occurs after short-term exposures. It appears that
maj or system c effects of the organotins, as seen in animals after exposure in
acute- and internediate-duration studies, are inflanmmation, necrosis, and
soneti mes hyperplasia of the bile duct with necrosis in the liver. Although
t hese changes have not been reported in humans, the consistency and severity
of the effects in several aninmal species nust allow for the possibility of
these effects in humans after exposure to both inorganic tin and organotins.

Renal Effects. Some changes in renal histopathol ogy were seen in
several short to internediate-duration studies of stannous chloride. However,
these affects were not present in either rats or mce during the NTP
i nvestigations of this conpound. The absence of renal cal careous deposits in
fermal es and protein droplets in males exposed to high doses of stannous
chloride despite their presence in the controls and at | ow doses cannot be
clearly categorized as an adverse effect.

Proxi mal tubule epithelial degeneration is the nmajor renal change
observed in humans after inhalation exposure to organotin conpounds. Simlar
changes have been observed in animals followi ng inhalation, oral, and dernma
exposure to organotins. As with the hepatic changes, the possibility that tin
compounds may cause renal effects at hazardous waste sites nust be consi dered.

Dermal / Ccul ar Effects. Skin and eye irritations and dermatitis, but not
sensitization, have been reported in humans and aninmals after dernmal exposure
of acute and internedi ate-duration to both inorganic tin and organotin
conmpounds. M ce al so experienced a dermatol ogical reaction to triphenyltin
hydroxi de after oral exposure over a period of 80 weeks. There is a
reasonabl e probability of sonme skin, eye, and other mucous menbrane contact
wi th conpounds at hazardous waste sites and the likelihood of irritation and
ot her effects occurring.
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| munol ogi cal Effects. No studies were |ocated regarding i mrmunol ogi ca
effects in humans after inhalation, oral, or dernmal exposure to inorganic tin
or organotin conpounds. Such studies are also |acking for aninmals exposed to
i norganic tin conpounds. However, there are a number of studies that report
i munol ogi cal effects in aninmals after oral exposure to organotins. The rat
is the nbst sensitive species based on internedi ate-duration studies of
4-13 weeks. The mmjor systemc effects are decreased wei ghts of the thynus
and | ynph nodes. Serum i mmunogl obin concentrations were al so decreased in
mce and rats exposed to tin as triphenyltin hydroxide for 26-80 weeks.
Conmparative studies indicate that the pre-weanling rat is nore sensitive than
the adult rat. The lack of data from human studies nmakes it difficult to
predict inpairnment of the i mune systemin persons at hazardous waste sites.
The consistent aninmal findings should nake this an area of potential concern.

Neurol ogi cal Effects. Studies have been reported for humans after
i nhal ati on and oral exposure to organotin conpounds and oral exposure to
i norganic tin conpounds. No hunman studies for dernmal exposure to the
conmpounds have been | ocated. Aninal studies are linmted to data obtained
after oral exposure to either inorganic tin or organotin compounds. |n sone
i ndi vi dual s neurol ogi cal problens persisted and required nedical attention
even 2 years after exposure.

Neur obehavi oral synptons devel oped by chem cal workers after exposure to
nmet hyl tins included inpaired nmenory, disorientation, aggressiveness, psychotic
behavi or, syncope, and | oss of consciousness. Sone of the synptoms persisted
and nenory | oss was apparent for 6 nonths in workers able to return to work.

In the persons that received the drug, Stalinon, and died, synptons
prior to death included vertigo, intense headache, photophobia, altered
consci ousness, visual inpairment, convul sions, and sensory di sturbances.
Aut opsi es reveal ed edema in the white matter of the central nervous system

In acute- and internedi ate-duration ani mal studies, signs of toxicity
and pat hol ogy changes, characteristic of the trinethyltin and triethyltin
compounds, were reported. The animal data also confirmthe human effects
descri bed.

The human information is based |argely on case reports not epideni ol ogy
studi es. Chemicals other than organotins were always involved. Exposure
| evel s and durations were not well docunented in the human reports and
exagger at ed doses were used on the animal studies. Despite the uncertainties,
neur obehavi oral changes nmust be | ooked for in persons involved with accidental
spills of tin conmpounds, in industrial settings, or at hazardous waste sites.

Devel opnental Effects. Except for two limted oral studies of organotin
conmpounds, no other studies were |ocated regardi ng devel opnental effects in
hunmans or animals after inhalation, oral, or dernmal exposure to inorganic tin
or organotin conpounds. Bis(tributyltin)oxide produced a dose-rel ated
decrease in fetal weights, increase of cleft palates, and other abnornmalities.
The rel evance of these data to humans is not known.
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Reproductive Effects. The two studi es of devel opnental effects (see
Devel opnental Effects) included observations of maternal toxicity, materna
deficits in weight gain were present in mce and rats and nmce exhibited an
i ncreased rate of resorptions. Maternal toxicity undoubtedly was the nost
i mportant contributing factor in producing the devel opnental effects. The
rel evance of the findings to humans is not clear.

No ot her studies were | ocated regardi ng reproductive effects in humans
or aninmals after inhalation, oral, or dernmal exposure to inorganic tin or
organoti n conpounds.

CGenotoxi c Effects. No studies were | ocated regardi ng genotoxic effects
after inhalation, oral, or dernmal exposure to inorganic tin or organotin
compounds. There are limted in vitro data on inorganic tin conpounds which
show m xed results (Table 2-6). DNA danage was noted with mammalian cells
treated with stannous chloride (MLean et al. 1983). Cytogenetic studies also
gave positive responses with stannous chloride for chronpsomal aberrations and
sister chromatid exchanges (CGulati et al. 1989). Stannous chloride has al so
been reported to rapidly convert hydroperoxy thym di ne to nutagenic
hydr oxynet hyl deoxyuri dine species in vitro (Tofigh and Frenkel 1987). This
may be indicative of a redox conmponent in the genotoxic potential of stannous
chloride in vivo. However, the relevance of this finding to human health
effects is unclear. No in vivo data were |ocated for inorganic tin conpounds.

As shown in Tables 2-7 and 2-8, there are both in vitro and in vivo
genotoxicity data for organotin conpounds, particularly bis(tributyltin)oxide
The results fromnost in vitro studies were negative. However, base-pair
substitutions were produced in an activated Sal nonella typhinmuriumfluctuation
test of bis(tributyltin)oxide (Davis et al. 1987). In addition,
bi s(tributyltin)oxide produced chronpbsonal aberrations in hanster ovary cells
with activation (Davis et al. 1987). In vivo mcronucl eus tests of
bis(tributyltin)oxide in mce produced m xed results (Table 2-8). The
rel evance of the genotoxic data to hunmans is not clear.

Cancer. No epidem ol ogy studies or case reports for humans were | ocated
regardi ng cancer effects after inhalation, oral, or dermal exposure to
i norgani ¢ or organotin conmpounds. Several aninal bioassays have been
conducted in rats and m ce. These have been essentially negative results with
respect to predicting carcinogenic potential of inorganic tin conpounds (e.g.,
stannous chl oride). The increased incidences of benign and other tunors
observed with organotins | eaves the question of their carcinogenicity
unanswered at this tinme. The rel evance of such findings to humans in not
cl ear.

2.5 BI OVARKERS OF EXPOSURE AND EFFECT
Bi omarkers are broadly defined as indicators signaling events in

bi ol ogi ¢ systens or sanples. They have been classified as narkers of
exposure, markers of effect, and markers of susceptibility (NAS/ NRC 1989).



TABLE 2-6. Genotoxicity of Inorganic Tin Compounds In Vitro

Results
With Without
Species (test system) End point activation activation Reference Form
Prokaryotic organisms:

Bacillus subtilis Rec-assay No data - Nishioka 1975 Stannous

chloride

B. subtilis Rec-assay No data - Nishioka 1975 Stannic

oxide
Mammalian cells:

Chinese hamster DNA damage: Alkaline No data + McLean et al. 1983 Stannous
ovary cells sucrose gradient analysis chloride
Chinese hamster DNA damage: Alkaline No data - McLean et al. 1983 Stannic
ovary cells sucrose gradient analysis chloride
Chinese hamster Sister chromatid exchanges + + Gulati et al. 1989 Stannous
ovary cells chloride
Chinese hamster Chromosomal aberrations + + Gulati et al. 1989 Stannous
ovary cells chloride

+ = positive result; - = negative result; DNA = deoxyribonucleic acid

'
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TABLE 2-7. Genotoxicity of Organotin Compounds In Vitro

cooperation

Results?
With Without
Species (test system) End point activation activation Reference
Prokaryotic organisms:
Bacillus subtilis Rec-assay No data - Davis et al. 1987
K. pneumonas Fluctuation test No data - Davis et al. 1987
Salmonella typhimurium Plate assay - - Davis et al. 1987
S. _typhimurium Hepatocyte - No data Davis et al. 1987
S. typhimurium Mediated assay - No data Davis et al. 1987
S. typhimurium Fluctuation test + - Davis et al. 1987
Eukaryotic organisms:
Saccharomayces pombe Forward mutation - - Davis et al. 1987
Saccharomyces cerevesiae Mitotlic gene conversion - - Davis et al. 1987 N
Mammalian cells:
Chinese hamster cells 8-Azaguanine and ovarian - - Davis et al. 1987 jasd
resistance g
Chinese hamster cells 6-Thioguanine resistance - _ Davis et al. 1987 S \‘
o
Mouse lymphoma cells 6-Thioguanine and Buer No data - Davis et al. 1987 =
resistance tx1
73
Chinese hamster cells Sister chromatid exchange - - Davis et al. 1987 g
Chinese hamster cells Chromosomal aberrations + - Davis et al. 1987 S
w
Chinese hamster cells Inhibition of metabolic No data - Davis et al. 1987

iAll information is presented for bis(tributyltin)oxide.

+ = positive result; - = negative result




TABLE 2-8. Genotoxicity of Organotin Compounds In Vivo

Species (test system)

End point

Results?®

Reference

Insect system:

Drosophila melanogaster

Mammalian systems:

Mice

Mice

Test for sex-linked
recessive lethal mutations

Micronucleus test; single
dose 60 mg/kg body weight

Micronucleus test;
cytotoxic doses; highest
125 mgl/kg body weight

(after feeding)
(after injection)

(increased micronuclei
in erythrocytes)

(no evidence of chromosomal
damage or malfunction)

Davis et al. 1987

Davis et al. 1987

Schweinfurth and
Gunzel 1987

‘All information 1s presented for bis(tributyltin)oxide.

+ = positive result; -

negative result

¢
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A bi omarker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and sone target
nmol ecul e(s) or cell(s) that is measured within a conpartnent of an organi sm
(NAS/ NRC 1989). The preferred bi omarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretation of biomarkers of exposure. The body burden of a substance may
be the result of exposures fromnore than one source. The substance being
measured nay be a netabolite of another xenobiotic substance (e.g., high
urinary levels of phenol can result from exposure to several different
aromati ¢ conpounds). Depending on the properties of the substance (e.g.,
biologic half-life) and environmental conditions (e.g., duration and route of
exposure), the substance and all of its netabolites may have |left the body by
the time biologic sanples can be taken. It may be difficult to identify
i ndi vi dual s exposed to hazardous substances that are commonly found in body
tissues and fluids (e.g., essential nmineral nutrients such as copper, zinc,
and sel eniun). Biomarkers of exposure to inorganic tin and organotin
compounds are discussed in Section 2.5.1

Bi omar kers of effect are defined as any neasurabl e bi ochem cal,
physi ol ogic, or other alteration within an organismthat, depending on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses bi ochem cal or
cellular signals of tissue dysfunction (e.g., increased |liver enzyne activity
or pathol ogi c changes in fenale genital epithelial cells), as well physiologic
signs of dysfunction such as increased bl ood pressure or decreased |ung
capacity. Note that these markers are often not substance specific. They
al so may not be directly adverse, but can indicate potential health inpairnent
(e.g., DNA adducts). Biomarkers of effects caused by inorganic tin and
organotin conmpounds are discussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
limtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. |f
bi omar kers of susceptibility exist, they are discussed in Section 2.7,
"POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used to ldentify and/or Quantify Exposure to Inorganic Tin
and Organotin Conmpounds

I norganic tin conpounds are generally poorly absorbed (1-3% and are
rapidly excreted in the feces. The half-life for inorganic tin in the mgjor
tissues range from 10 to 40 days. Except for potential oral exposure due to
eating foods fromtin containers and using toothpastes containing stannous
fluoride, humans are not expected to be exposed to inorganic tin compounds in
any regular way. Inorganic tin has been found in | ow concentrations in
virtually all human tissues, in feces, in the urine, and in the blood. The
anounts vary greatly fromorgan to organ. Because inorganic tin conpounds
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exhibit a low order of toxicity in humans and ani mal s and exposure data by the
i nhal ati on, oral, and dermal routes are limted, prinmary biomarkers for these
compounds cannot be identified at this tine. The tin levels neasured in

ani mal tissues, feces, urine, and bl ood do not provide sufficient information
to identify the magnitude, tinmng, or duration of exposure.

Sonme organotin conpounds such as the triethyltins and trinethyltins, are
fairly well absorbed. This is based on health effects observed, particularly
after oral exposures. Sonme tentative biomarkers, albeit not specific, are
di scussed in Section 2.5.2.

2.5.2 Bi omarkers Used to Characterize Effects Caused by Inorganic Tin and
Organotin Comrpounds

As mentioned above, there are no definitive bi omarkers of exposure for
the inorganic tin conmpounds. This is also true in attenpting to characterize
effects since the data in humans and ani mal s have not identified any tininduced
physi ol ogi cal change which can be used to docunent adverse effects
fromtin exposure.

Organotin conmpounds do produce nore specific effects than inorganic tin
compounds and there are sensitive organs and systens. The data are largely
derived fromacute and intermedi ate-duration studies in aninmals. There are
reports of effects on the bile duct and liver, immne system (thynus and
| ynphoi d organs), nervous system (pathol ogi cal and functional changes),
ki dneys, and bl ood. Mst of the effects are not specific only to organotin
compounds but the effects are consistent enough to tentatively identify
bi omarkers that coul d be used. These woul d i ncl ude conpl ete henat ol ogy,
including differential |eucocyte counts; blood chem stry, including alkaline
phosphat ase and serum transani nase; urinalysis; and neurobehavioral tests.

Since inorganic tin and organotin conpounds are not associated with
speci fic changes to bionol ecul es, pertibations of enzyne activities, or unique
alterations of tissue pathology, there are no suitable biomarkers for effects
from exposure to either inorganic or organic tin conmpounds.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

Some studi es describe interactions of inorganic tin and organotin
compounds with other chem cals which either increase or decrease the
t oxi col ogi cal properties of the tin conpounds. Iron and copper |essen the
ef fects of growh depression and decreased henpgl obin seen in rats fed
stannous chloride at high doses for 4-13 weeks (DeGroot 1973). Tin al so
interacts with other essential nmetals. In bioavailability studies in humans,
zi nc uptake was decreased when tin, iron, and zinc were administered in equa
doses (Sol onpbn et al. 1983).

Sul fur-contai ni ng conpounds have been shown in vitro to interact with
tributyltin conpounds to produce other conpounds with |ower henplytic activity
(Byington et al. 1974). It has al so been shown in vitro that the toxic
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properties of dibutyltin dichloride my be enhanced by neso, 2-3, -

di mer capt osucci ni ¢ acid, by means of a hydrophobic reaction w th gl utathione
enzynmes ( Henni nghausen and Merkord 1985). Such interactions could be of

i mportance in treatment of organotin poisonings.

2.7 POPULATI ONS THAT ABE UNUSUALLY SUSCEPTI BLE

There are no specific popul ations that have been identified that are
unusual Iy susceptible to either inorganic tin or organotin conpounds with
respect to health effects. However, based on the target organ and system
ef fects seen with organotin conmpounds in animals, persons with |iver disease,
bl ood di sorders, deficiencies of the i Mmune system neurobehavioral disorders,
and perhaps ki dney di sease coul d be predi sposed to adverse health effects of
t he conmpounds under appropriate conditions of exposure.

2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
net hods for reducing toxic effects of exposure to tin. However, because sone
of the treatnents di scussed may be experinental and unproven, this section
shoul d not be used as a guide for treatnment of exposures to tin. Wen
speci fi c exposures have occurred, poison control centers and nedica
t oxi col ogi sts shoul d be consulted for nedical advice.

Human exposure to tin may occur by inhalation, ingestion or dernma
contact (see Chapter 5). Gastrointestinal effects have been observed
followi ng ingestion of inorganic tin conmpounds and ingestion or inhalation of
organoti n conmpounds nay cause neurol ogical effects (see Section 2.2).
Inorganic tin salts are reported to be skin and eye irritants (WHO 1980).

The procedures used to reduce absorption follow ng exposure to tin
compounds include the foll owi ng. Dermal/ocul ar exposure to tin compounds is
treated by washing thoroughly with soap and water and flushing the eyes with
wat er (Bronstein and Currance 1988). Water is administered for dilution
followi ng ingestion of tin conpounds (Ellenhorn and Barcel oux 1988; Haddad and
W nchester 1990). Studies in humans and aninmals indicate that tin can be
retai ned by tissues (kidney, liver, lung, and bone) follow ng exposure (Hiles
1974; Schroeder et al. 1964, 1968). However, since animal studies indicate
that nost of an administered dose of tin is excreted within 48 hours (Hiles
1974), it seens unlikely that efforts to enhance the elimnation of tin would
be of nuch benefit. Neither admi nistration of D penicillamne to increase
urinary tin excretion nor chelation therapy with di nercaprol (BAL) seemto be
effective in renoving tin fromthe body (El I enhorn and Barcel oux 1988). It
has been suggested the nechani smof action for tin in producing adverse health
effects involves the inhibition of the hydrolysis of adenosine triphosphate
(ATP) and uncoupling of oxidative phosphorylation in mtochrondia (WHO 1980).
Currently, there are no methods for interfering with the nmechani smof action
of tin. However, as discussed above, iron and copper act to dimnish the
effects of tin on growh and henogl obin | evels (Degroot 1973). Simlarly,
sul fur-cont ai ni ng conpounds di i ni shed the henolytic action of tributyltin

81



81

2. HEALTH EFFECTS

conmpounds (Byrington et al. 1974). These observations nmay be inportant in
devel opi ng nethods for interfering with the mechani smof action of tin,
however further investigation is needed.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adninistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and programns
of the Public Health Service) to assess whether adequate infornmation on the
health effects of inorganic tin and organotin conpounds are avail able. Were
adequate information is not available, ATSDR, in conjunction with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a program of
research designed to deternmine the health effects (and techni ques for
devel opi ng nethods to determ ne such health effects) of inorganic tin or
organoti n conpounds.

The follow ng categories of possible data needs have been identified by
a joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informati onal needs that, if nmet, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified

data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.
2.9.1 Exi sting Information on Health Effects of Inorganic Tin and

Organoti n Compounds

The existing data on health effects of inhalation, oral, and dernal
exposure of humans and aninmals to inorganic tin or organotin compounds are
sumari zed in Figures 2-4 and 2-5, respectively. The purpose of these figures
is toillustrate the existing information concerning the health effects of
inorganic tin or organotin conpounds. Each dot in the figures indicates that
one or nore studies provide information associated with that particular
effect. The dot does not inply anything about the quality of the study or
studies. Gaps in this figure should not be interpreted as "data needs"
information (i.e., data gaps that nust necessarily be filled).

Figure 2-4 provides the information for inorganic tin conpounds. There
are case reports that describe acute and chronic effects of inhaled inorganic
tin conmpounds on humans. There are also reports of humans that devel oped
health effects after oral exposure to food and drink fromtin cans.

O herwi se, no other studies were |ocated regarding health effects in hunmans
after inhalation, oral, or dermal routes of exposure.

The health effects of inorganic tin conpounds have been chiefly studied
in animals after oral exposure, as shown in Figure 2-4. The figure al so shows
that no inhalation studies and only a few dernmal studies were | ocated
regarding health effects frominorganic tin conpounds.
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FIGURE 2-4. Existing Information on Health Effects
of Inorganic Tin Compounds
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FIGURE 2-5. Existing Information on Health Effects
of Organotin Compounds
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Figure 2-5 provides health effects informati on on humans and ani nal s
after exposure to organotin conmpounds. The database for these conpounds is
much nmore conplete than for the inorganic tin conmpounds. There are case
reports that describe deaths and other effects associated wi th inhalation,
oral, and, secondarily, dermal routes of exposure. In addition to acuteduration
i nhal ati on studi es and acute and internedi ate dernmal studies, there
are reports of neurobehavioral effects in humans after inhalation and ora
exposur es.

The extent of the database on health effects in animals resulting from
exposure to organotin conmpounds is clearly shown in Figure 2-5. Except for
genotoxi c studies, there are oral studies that describe all the other
t oxi col ogi cal end points considered in this profile. By contrast, the
information is nore limted for the inhalation and dermal routes of exposure.

2.9.2 Data Needs

I nformati onal needs are discussed in light of the current data that
exist for both inorganic tin and organotin conpounds and how additi onal
information will help in assessing potential toxicity or human health effects
after inhalation, oral, and dermal exposures.

Acut e-Duration Exposure. No target organs can be identified in humans
or aninmals after acute inhalation, oral, or dermal exposure to inorganic tin
conmpounds. Data were insufficient to derive inhalation or oral MRLs due to
this lack of target organs and also the | ack of exposure level information.
However, even with sufficient data, the nunber of inorganic tin conmpound
structures would not pernit an appropriate selection of a typical conpound as
a representative of the entire class. Oral absorption and other toxicokinetic
data suggest that inorganic tin conpounds are not readily absorbed (less than
5% (Hiles 1974). As a result, there are few data regardi ng acute effects of
t hese conpounds. There does exist the possibility for brief human exposures
to inorganic tin conpounds by eating food or drinking liquids fromtin cans,
in the workpl ace, at accidental spill sites, and at hazardous waste sites.
However, considering the poor absorption by the oral route, the |ack of
effects after inhalation exposure, and only Iinited effects of derma
exposure, devel opnent of additional acute data would not be particularly
useful .

Target organ toxicity is suggested for humans after acute inhalation
exposure of organotin conpounds, Deaths occurred after workpl ace exposures
and synptomat ol ogy precedi ng death included respiratory depression in one case
and renal failure in another (NI OSH 1976; Rey et al. 1984). Aninmal studies
did not provide confirmtory data. Because of limtations in human data and
few appropriate NOAEL and LOAEL values in animals, an MRL for acute inhalation
exposure has not been deterni ned. However, even with sufficient data the
| arge number of organotin conpounds would not permt an appropriate selection
of a typical conpound as a representative of the entire class. By contrast,
sone target organs have been identified in both humans and animals after acute
oral exposures. A large nunber of people died after receiving an oral
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nmedi cati on contai ni ng organotin conpounds (WHO 1980). Neurotoxic effects were
observed preceding death and are discussed in the appropriate section bel ow
Ani mal s exposed orally to organotin conpounds have denonstrated liver/bile
duct and kidney toxicity in acute-duration studies. Toxicokinetics data
provi de additional data since sone organotins are retained in the liver and
ki dneys after oral exposures (Krajnc et al. 1984). Although there are NOAEL
and LOAEL val ues for liver and kidney effects in animals, the data are
insufficient to determ ne an appropriate MRL for acute oral exposure.

However, even with sufficient data, the |arge nunber of organotin conpounds
woul d not permnmit an appropriate selection of a typical conmpound as
representative of the entire class. There does exist the possibility for

bri ef human exposures to organotin conpounds in the workplace, at accidental
spill sites, and at hazardous waste sites. Sone organotin conmpounds are
absorbed after oral exposure and others may produce dernmal and ocul ar effects.
Devel opnent of a range of threshold exposure concentrations by these routes
woul d be useful in determ ning the | owest doses that could produce the acute
health effects in brief exposure situations.

I nt ernedi at e-Durati on Exposure. There are currently no data concerning
the effects of inorganic tin or organotin conpounds on humans for this
exposure duration for the inhalation, oral, or dermal routes of exposure.

Based on ani nal studies of inorganic tin conmpounds in rodents, primarily
rats and nmice, by the oral route of exposure, the target organs and systens
identified were the gastrointestinal tract, the blood, the kidney, the liver,
and bile ducts (DeG oot et al. 1973; Dreef-van der Meul en 1974; Janssen et al
1985; NTP 1982; Schroeder et al. 1968). The blood and liver/bile duct effects
were al so observed with organotin conmpounds after intermedi ate oral exposures
(Barnes and Magee 1958; Jang et al. 1986; Krajnc et al. 1984; Wster et al.
1987). Decreased body wei ght gai ns and reduced food intake were consi stent
findings for both inorganic tin and organotin conpounds after oral exposures
of internediate duration (DeG oot et al. 1973; Dreef-van der Meul en 1974,

El sea and Paynter 1958; Janssen et al. 1985; Krajnc et al. 1984). Future
research efforts should utilize a pair-fed control protocol. In addition,

i nvestigations of oral exposures to inorganic tin conmpounds should enpl oy
diets with adequate and bal anced levels of trace minerals and known tin
content. Specific target organs could not be identified for inorganic tin or
organoti n conmpounds exposed by the inhalation and dermal routes for this
exposure duration. Toxicokinetic studies tend to support the results of the

i ntermedi ate-duration toxicity studies as was the case for the acute-duration
st udi es.

Al 't hough there are NOAEL and LOAEL val ues for both inorganic and organic
tin conmpounds which pertain to the effects |isted above in aninmals, the data
are not sufficient to determ ne an appropriate MRL for internediate ora
exposure. However, even with sufficient data, the number of organotin
conmpounds woul d not permit an appropriate selection of a typical conmpound as a
representative of the entire class. There does exist the possibility for
repeat ed human exposures to both inorganic tin and organotin compounds in the
wor kpl ace, at accidental spill sites, and at hazardous waste sites. There may
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be the possibility of eating contam nated food or drinking juices and ot her
liquids that carry residues of inorganic tin conmpounds. Considering the
specific oral data in animals and the general |ack of effects after inhalation
or dermal routes of exposure, further studies of internediate duration (e.g.,
90 day studies) would be useful for both inorganic tin and organotin
conmpounds. The purpose of such studies would be to quantify sone of the
earlier qualitative observations and to expand the end points used to eval uate
and characterize the toxic effects. A range of threshold concentrations
produci ng health effects after repeated exposures by different routes could be
determ ned. For organotin compounds, data which would allow for eval uation of
the effects of the organic noiety on toxicity would be hel pful.

Chroni c-Durati on Exposure and Cancer. No target organs have been
identified in humans or animals after chronic inhalation exposure to inorganic
tin or organotin conpounds. One possible target organ is the lung. Tin
deposits were observed in chest x-rays of workers exposed to stannic oxide
fumes for 15-20 years. However, there was no inpairnment of pulnonary function
or system c disease. This observation was later reported in a | arge nunber of
tin foundry workers. However, no retrospective or prospective epidem ol ogi ca
studi es have been perforned. No target organs have been identified in humans
after chronic oral exposure to inorganic tin or organotin conpounds. Chronic
ani mal studies, using life-tine feeding in rats and mce, did not report
consistent effects that could be used to identify target organs of toxicity.
The tunorigenic responses that were suggested by the available studies are
di scussed below. In a chronic bioassay of stannous chloride in rats, there
were no nonneopl astic effects that appeared to be due to the feeding of the
compound (NTP 1982). The changes seen in the gastrointestinal tract at doses
of 115.9 ng/kg/day in rats and 301.3 ng/kg/day in mce wth internedi ate-
duration studies were not confirned in the chronic study using | ower exposure
levels (3.5 and 61 ng/kg/day in rats and 79.3 and 158.6 ng/kg/day in mce).
Simlarly, organotin conmpounds fed on a chronic basis did not produce the
changes observed with internedi ate-duration except for sone reduced surviva
hepatic effects and body weight gains. A prelimnary report of a chronic ora
study of bis(tributyltin)oxide described sone i mmunol ogi cal and endocri ne
changes (Krajnc et al. 1984; Tennekes et al. 1989a, 1989b; Wster et al.

1987). There are no data regardi ng adverse health effects in humans or

animals after chronic dernal exposure to inorganic tin or organotin conpounds.
Since chronic NOAEL and LOAEL values in animals are limted, an appropriate
MRL for chronic inhalation or oral exposure could not be determ ned. However,
even with sufficient data, the nunber of inorganic tin and organotin conpounds
woul d not pernit appropriate selection of typical conpounds as representatives
of each cl ass.

There is currently no information fromcase reports on epi dem ol ogi ca
studi es which report on the carcinogenic potential of inorganic tin or
organotin conmpounds after inhalation, oral, or dermal exposures in hunans.

Li kewi se, such data are | acking for inhalation and dernal studies of inorganic
tin and organotin conpounds in aninmals. Oral bioassays in animals have been
conducted for stannous chloride, dibutyltin diacetate, triphenyltin hydroxide,
and bis(tributyltin)oxide. Based on the avail able data, inorganic tin
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conmpounds do not appear to be tunorigenic. There are indications, however,
that some of the organic tin conpounds may be carcinogenic. The EPA O fice of
Pesticide Progranms has assigned a B2 possibl e human carci nogen desi gnation for
triphenyltin hydroxi de based on pituitary adenomas found in female rats
adm ni stered this conpound over a lifetime (Tennekes et al. 1989a).

Tri phenyltin hydroxi de was al so associated with an increased incidence of
testicular tunors in male rats and hepatic adenomas and carci nomas in male and
femal e mice (Tennekes et al. 1989a, 1989b). Tunors were associated with the
feedi ng of other organotin conpounds, but, could not clearly be associ ated
with the feeding of the conpound. These tunors included hepatocellul ar
adenormas and possible carcinomas of rats fed dibutyltin diacetate, and benign
pituitary, adrenal, parathyroid, and pancreatic tunors in bis(tributyltin)

oxi de-fed rats. There was al so the suggestion of uterine neoplasns in rats
fed dibutyltin diacetate but the evaluation was conprom sed by the | oss of
tissues (NC1 1978b).

Toxi cokinetic data are too linted to help explain the action of either
t he conpounds fed in the bioassay studies or potential breakdown products
formed during nmetabolism which mght have contributed to the production of
the tunors observed. Knowl edge concerning the fates of the organic and tin
noi eti es fromthese conpounds and the contribution of each nmoiety to the
mechani sm for carcinogenesis are needed in order to evaluate the role of tin
in the tunorigenic response. Case studies and retrospective or prospective
epi dem ol ogi cal studies of humans chronically exposed to | ow | evel s of
inorganic tin or organotin conpounds by all routes would be helpful in
assessi ng carcinogenic potential in industrial neighborhoods, at hazardous
waste sites, and in occupational settings.

Genotoxicity. There are no human data regarding the genotoxic potentia
of inorganic tin or organotin conpounds after inhalation, oral, or dernma
exposures. The limted in vitro data on inorganic tin conpounds show ni xed
results. Most of the in vitro studies of organotin conpounds produced
negative results. However, comon to both classes of conpounds was the
in vitro production of chronmosomal aberrations (Davis et al. 1987; Cul ati
et al. 1989). Simlar in vivo cytogenetic studies of exposed humans or
ani mal s woul d be useful. The genotoxic changes reported for inorganic and
organi c tin conpounds are suggestive of carcinogenic potential, particularly
in light of the negative carcinogenicity study results in animals.

Reproductive Toxicity. There are currently linted data avail able
regardi ng the reproductive toxicity of inorganic tin or organotin conmpounds
after inhalation, oral, or dermal exposures in either humans or ani mals.
The limted toxicokinetic data indicate that inorganic tin is poorly
absorbed and that sel ected organotin conpounds such as trinmethyl- and
triethyltins appear to be absorbed slightly better. Inorganic tin does
not appear to readily cross the placenta (Hiles 1974). There is a report
of nmoderate testicular degeneration for rats exposed orally to high
doses of stannous chloride (DeG oot et al. 1973). However, no
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reproductive effects were observed in animals after inhalation or dernmal
exposure to inorganic tin compounds.

Organotin conmpounds have produced reproductive effects in animals after
bot h i nhal ati on and oral exposures. Pregnancy rates were reduced in rats that
inhaled tributyltin bronide but partial reversibility was al so observed when
t he conmpound was discontinued (Iwanoto 1960). Oral feeding of
bi s(tributyltin)oxide to m ce produced maternal toxicity with increased
resorptions and devel opnental effects (Davis et al. 1987). Maternal toxicity
al so occurred in rats given triphenyltin hydroxide; testicular atrophy and
Leydig cell hyperplasia occurred in nmales exposed to this same conpound
(Tennekes et al. 1989a). Since there is the suggestion that the reproductive
systemcould be a target organ and it is desirable to have such data for the
i nhal ati on and oral routes prior to deriving MRLs, specific reproductive organ
pat hol ogy should be included in the 90 day studies. Miltigeneration studies
woul d be useful in characterizing reproductive toxicity after inhalation and
oral exposure.

Devel opnental Toxicity. There are currently no data avail abl e i n humans
indicating that the inorganic tin and organotin conpounds affect devel opnent
after inhalation, oral, or dermal exposure. Likewi se, there are no data in
animals for the inorganic tin conpounds and only oral data for the organotin
conmpounds. Toxi cokinetic data indicate that the inorganic tin compounds
(Hiles 1974) do not transfer to the fetus. Bis(tributyltin)oxide was
associ ated with decreases in fetal weights, skeletal abnormalities, and cleft
palates in mce; maternal toxicity was al so observed (Davis et al. 1987).
These linmted aninal data suggest that birth defects will not be produced in
hunmans at | ess than toxic doses for organotin conpounds. However, I|ike
potential reproductive toxicity, further study of devel opnmental outcones in
humans and ani mal s after inhalation, oral, and dermal exposure would be useful
in assessing potential risks of persons exposed in the vicinity of hazardous
waste sites or occupational settings.

I mmunotoxicity. There is currently no information avail able in humans
or ani mal s suggesting that the i mmune system may be one of the mmjor targets
of inorganic tin toxicity. Data are also |acking for the organatin conpounds
after inhalation, oral, and dermal exposures in humans and inhal ati on and
dermal exposures in animals. However, studies of acute, internediate, and
chronic duration in rats and m ce have suggested a specific action of the
organoti n conmpounds on the i mMmune system of aninmals after oral exposure.
Characteristic and consi stent responses included atrophies of the thynus,
spl een, |ynph nodes, |ynphocytopenia, del ayed-type hypersensitivity reactions
and decreases in serum i munogl obin concentrations (Funahashi et al. 1980;
Krajnc et al. 1984; Seinen et al. 1977b; Smalowicz et al. 1989; Tennekes
et al. 1989a, 1989b; Van Loveren et al. 1990). Data conparing the inmrunotoxic
effects foll owi ng exposure by the inhalation and dermal routes woul d be useful
for evaluating the possibility that the effects are route- or species-specific.
For humans exposed at hazardous waste sites or in the workpl ace,
potential immunotoxic effects can be eval uated by perfornance of a battery of
tests designed for this purpose. Inmmune systemeffects should be included in
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any controll ed prospective epidem ol ogi cal studies in which exposure
condi ti ons are known.

Neurotoxicity. There are no studies in humans regardi ng neurotoxic
effects after inhalation, oral, or dermal exposure to inorganic tin conmpounds.
Ani mal data suggest that effects on the central nervous system have been
associated with oral exposure to these conmpounds.

Neur ot oxi ¢ effects have been reported for humans after inhalation
exposure to organotin conmpounds and for humans and aninmals after oral exposure
to these compounds. No effects were reported for the dermal routes of
exposure. Synptons preceding the death of the Stalinon patients included
vertigo, headaches, photophobia, altered consciousness, visual inpairnent,
convul si ons, and sensory di sturbances. Death was frequently from acute
i ntracrani al hypertension. Autopsies showed edema in the central nervous
systemwhite matter (Foncin and Gruner 1979). Studies of acute and
intermedi ate-duration in animals denonstrated characteristic effects of the
nmet hyl tin conmpounds. Trenors, hyperexcitability, aggressive behavior, and
convul sions are often observed with the mgjor histol ogi cal change of neurona
alterations of the hippocanpus (Brown et al. 1984; Chang et al. 1983). In
addi tion, performance decrenents in a series of behavioral toxicity tests have
been reported (Reiter et al. 1980). Studies of devel opnental effects with
speci al enphasis on neurotoxic effects would be useful in assessing a possible
relati onship for these end points. Considering the possibility of exposure at
hazardous waste sites and in occupational settings, noninvasive neurobehaviora
studi es shoul d be nmade of persons exposed to |ow |l evel s of inorganic
tin and particularly organotin conpounds over various periods of tine.

Epi deni ol ogi cal and Human Dosinetry Studies. The general population is
exposed to inorganic tin conpounds through consunption of contam nated food
and drink, in industrial settings, and potentially at hazardous waste sites
t hrough contact with contam nated air, water, and soil. Organotin conmpounds
are also used in agricultural and other uses which allow for potenti al
exposure of people by different routes. Only linited case reports of human
exposure and no retrospective or prospective epidem ol ogi cal studies are
avai | abl e, Exposure concentrations of specific conpounds are not quantified
and the sinultaneous exposure to multiple conmpounds makes interpretation of
data difficult. Well-conducted and controll ed epidem ol ogi cal studies carried
out near hazardous waste sites where tin exposures are likely or in
occupational settings where tin conpounds are used woul d contribute val uabl e
data on possi bl e adverse health effects in humans. Special enphasis should be
pl aced on potential target organs and systens suggested from human and ani na
studies after different routes of admi nistration. |ncluded should be the
i nci dence of pul nonary, liver, kidney, neurological, inmunol ogical, and
reproductive effects.

Bi omar kers of Exposure and Effect. Although tin and its conpounds can
be neasured in tissues, blood, urine, and feces, it is difficult to
guantitatively predict exposure |evels fromsuch determn nations.
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Knowi ng sone potential target organs and systens affected by various tin
compounds, it nmay be possible to devel op bi omarkers specific to effects.
Exanpl es i ncl ude i munol ogi cal and neur obehavi oral tests as conpound-specific
pul monary, liver, and kidney function studies. The primary objective of such
bi omar kers woul d be to predict adverse health effects in exposed individuals
and popul ati ons.

Absorption, Distribution, Metabolism and Excretion. Sone aninm
studi es of the absorption, distribution, and excretion of inorganic tin
compounds after oral exposure have been reported. There are also data for the
di stribution of organotin conpounds and excretion after exposures assuned to
be oral but not always defined. Additional studies of inorganic tin conpounds
shoul d focus on whether or not tin is excreted in the bile since this data is
currently lacking. Information on the toxicokinetics of organotin conmpounds
are needed in order to provide an understanding of their toxicity.
Informati on is needed concerning the netabolismand fate of the tin and carbon
noieties if the relative toxicities of these conmpounds are to be eval uated.
Informati on on absorption, distribution, and excretion would al so be hel pful.

Conpar ati ve Toxi cokinetics. Available toxicity data indicate sone
simlar target organs for both inorganic and organic tin in both humans and
ani mal s. These include the brain, nervous system |iver, and ki dney.

However, no human or ani mal toxicokinetic studies are currently available to
support simlarities or differences in the kinetics of either inorganic tin or
organoti n conpounds across species, including humans which help to el ucidate
the simlarities in effects. It would, therefore, be useful to perform

t oxi coki netic studies in humans exposed particularly to organotin conpounds at
hazardous waste sites or in occupational or agricultural settings to better
characterize any toxic effects observed. Detail ed toxicokinetic studies

rel ated to suggested target organ toxicities would al so be useful.

Mtigation of Effects. Recomended nmethods for the nitigation of
ef fects of acute exposure to tin compounds include thorough washing or
flushing with water for dermal/ocul ar exposure or adm nistration of water to
dilute ingested tin (Bronstein and Currance 1988). No information was | ocated
concerning nmitigation of effects of |lower-1level or |onger-termexposure to
tin. Further information on techniques to mtigate such effects would be
useful in determning the safety and effectiveness of possible methods for
treating tin-exposed populations in the vicinity of hazardous waste sites.

2.9.3 On-going Studies

A nunber of research projects are in progress investigating inorganic
tin and organotin conpounds. These projects are sunmarized in Table 2-9.
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TABLE 2-9. On-going Studies on Tin and Compounds

Research
Investigator Affiliation description Sponsor
K. Anger Oregon Neurobehavioral assessment of NIOSH
University of workers in occupations or

Health Sciences industries with chronic
exposure to tin and other
heavy metals with known
neurotoxic properties.

H. L. Evans New York Determine whether NIEHS
University environmental toxicants such
as the alkyltins can cause a
decline in the capability for
learning, memory, or vigilance
in monkeys and the extent to
which this decline resembles
the decline associated with

aging.
A. Kappas Rockefeller Study the biological NIEHS
University consequences of severe and

sustained depletion of P-450
in liver and other tissues on
metabolic endocrine homeo-
stasis associated with
organotins. Heme metabolism
in the brain and gastro-
intestinal tract will be
studied. :
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TABLE 2-9 (Continued)

Investigator

Affiliation

Research
description

Sponsor

S. B. Sparber

H. Tilson

J. H. Weber

M. L. Woodruff

Minnesota

NIEHS

University of
New Hampshire

East Tennessee
State
University

Determine if undernutrition
during the neonatal period, at
a time several regions of the
CNS of rats are still going
through growth and
proliferation, can render
experimental subjects more
vulnerable to neurotoxic '
effects later in life.

Continuing study of
triethyltin and trimethyltin
neurotoxicity using a rat
model.

Study the accumulation and
decomposition of tin compounds
by bacteria that are resistant
to its toxic effects on
processes that involve tin
compounds on algae, pore
water/sediments, and shell-
fish.

Determine whether implantation
of embryonic neural tissue is
a biologically viable method
of alleviating the
consequences of toxic damage
prolonged in the central
nervous system by
trimethyltin.

NICHHD

NIEHS

NSF

NIEHS

NICHHD = National Institute of Child Health and Human Development
NIEHS = National Institute of Environmental Health Sciences

NSF = National Science Foundation
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3.1 CHEM CAL | DENTITY

Table 3-1 lists common synonyns, trade nanmes, and other pertinent
identification information for tin and representative inorganic tin and
organoti n compounds.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

Table 3-2 lists inportant physical and chemical properties of tin and
representative inorganic tin and organotin conpounds.



TABLE 3-1. Chemical Identity of Tin and Compounds®

Characteristic Tin Stannous chloride Stannic oxide Dibutyltin chloride
Synonyms Metallic Tin salt; Stannie Dibutyltin chloride
tin; silver tin crystals; anhydride; dichlorodibutyltin;
mat powder; tin proto-chloride® tin peroxide; dichlorodibutyl-
tin flake ) stannic acid® stannane
Trade name No data No data No data No data
Chemical formula Sn SnClL,* $n0,° C.H,,Cl1,Sn
Chemical structure
(.l‘,t .LA’
Sn? SnCL,* Sno,? HCHCH,CH,C —?n ~CH,CH,—CH,CH,
Cl g
Identification
numbers: E
-
CAS Registry 7440-31-5 7772-99-8° 18282-10-5° 683-18-1 g
NIOSH RTECS XP7320000° XP8700000° XQ4000000" WH7100000* -
EPA Hazardous Waste No data No data No data No data %
OHM/TADS No data 7216909 No data No data .
O
DOT/UN/NA/IMCO Shipping No data NA1759" No data No data 5 Ao
|75}
HSDB 5035" 0582" 5064" 6071" Lol
Q
NCI No data No data Ro data No data la_"
=~
2
5]
%
=
—
@]
2




TABLE 3-1 (Continued)

Tributyltin Triethyltin Trimethyltin Triphenyltin
Characteristic oxide bromide chloride chloride
Synonyms TBTO; Stannane, Chlorotrimethyl Chlorotriphenyltin:
bis(rributylein) bromomtriethyl- stannane; triphenylchloro-
oxide: oxybis chlorotrimethyltin; stannane
(tributyltin) trimethyl chlorotin
Trade name No data No data No data No data
Chemical formula C,.H,,08n, C,H,;BrSn C,H,C1Sn C,eH,sC1Sn
Chemical structure
CH,
(':H CH, |
{H,CCH,CH,CH,), SnOSn (CH,CH,CH,CH,), ? H.C—5n—C1 —Sn-Cl
HC—HC-Sn—Br o !
CH7 CH:’ @
|
Identification numbers: CH,
CAS Registry 56-35-9 2767-54-6 1066-~45-1 639-58-7
NIOSH RTECS JN8750000° WH6740000° WH6850000° WH6860000*
EPA Hazardous Waste No data No data No data No data
OHM/ TADS No data No data No data No data
DOT/UN/NA/IMCO Shipping No data No data No data No data
HSDB No data No data No data No data
NCI No data No data No data No data

*All information obtained from WHO 1980, except where noted.
*Windholz 1983

‘Weast 1985

“Buckingham 1982

*Sax 1984

‘Sax and Lewls 1987

°Sitting 1985

"HSDB 1989

CAS = Chemical Abstracts Service; DOT/UN/NA/IMCO = Department of Transportation/United Natlions/North America/International
Maritime Dangerous Goods Code: EPA = Environmental Protection Agency; HSDB = Hazardous Substances Data Bank; NCI = National
Cancer Institute; NIOSH = National Institute for Occupational Safety and Health; OHM/TADS = 0il and Hazardous

Materials/Technical Assistance Data System; RTECS = Registry of Toxic Effects of Chemical Substances
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TABLE 3-2. Physical and Chemical Properties of Tin and Compounds®
Information
Stannous Dibutylin
Property Tin chloride Stannic oxide dichloride
Molecular weight 118.69¢ 189.60° 150.69"° 303.85
Color White or gray® White® White® White
Physical state Solid® Solid® Solid® Solid
Melting point 231.88°CP 246°C° 1,630°C® 43°C
Boiling point 2,260°C" 652°C® 1,800-1,900°C 135°C at 10 mmHg
(subl.)®
Density at 20°C 7.28° 3.95° 6.95° 1.36
Odor No data No data No data No data
Odor threshold:
Water No data No data No data No data
Air No data No data No data No data
Solubility:
Water Insoluble® 839,000 mg/L Insoluble® Soluble in
at 0°C® hot water
Organlc solvents Soluble in Soluble in alecohol, No data Soluble in etherd
hydrochloric ether, acetone® benzene, alcohol
and sulfuric acids®
Partition coefficients:
Log octanol/water No data No data No data No data
Log K No data No data No data No data
Vapor Pressure "No data No data No data 2 mmHg at 100°C
Henry'ﬁ law constant No data No data No data No data
Autoignition temperature No data No data No data No data
Flashpoint No data No data No data 335°F (168°C)
(open cup)
Flammability limits No data No data No data No data

Conversion factors

Explosive limits

Not applicable

No data

Not applicable

No data

Not applicable

No data

Not applicable

No data

‘€
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TABLE 3-2 (Continued)

Information
. Tributyltin Triethlytin Trimethyltin Triphenyltin

Property oxide bromide chloride chloride
Molecular welight 596.16 285.81 199,26 385.47
Color Colorless® Colorless No data Colorless
Physical state Liquid® Liquid Solid Solid
Melting point No data -13.5°C 37°C 106°C
Boiling point 180°C at 2 mmHg® 224°C No data 240°C at 13.5 mmHg
Density at 20°C No data 1.630 g/mL No data No data
Odor No data No data No data No data
Odor threshold:

Water No data No data No data No data

Atr No data No data No data No data
Solubility:

Water Slightly soluble® No data No. data Insoluble

Organic solvents Soluble® Soluble No data Soluble
Partition coefficients:

Log octanol/water No data Ro data No data No data

Log K, No data No data No data No data
Vapor Pressure No data No data No data No data
Henry's law constant No data No data No data No data
Autoignition temperature No data No data No data No data
Flashpoint No data 211°F (99°C) 207°F (97°C) No data

(closed cup)* (closed cup)®

Flammability limits No data No data No data No data

Conversion factors

Explosive limits

Not applicable

No data

Not applicable

No data

Not applicable

No data

Not applicable

No data

’All information obtained from Sax 19B4, except where noted.

"Weast 1985

“Sax and Lewis 1987
°HSDB 1989

fAldrich 1988
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4.1 PRODUCTI ON

The el enment tin conprises 0.0006% of the earth's crust (WHO 1980;
W ndhol z 1983). Anbng the nine nminerals containing tin are cassiterite
(stannic oxide), stannate, and tealite (HSDB 1989). O these, only
cassiterite has comercial significance (WHO 1980). After tin-containing ores
are nmined, they undergo concentrating by either a gravity or magnetic
separation process prior to snelting (HSDB 1989): Appreciable quantities of
tin are obtained by recovery fromtin-containing scrap materials (HSDB 1989;
U S. Bureau of Mnes 1989; WHO 1980).

United States mne production of tin has been negligible between 1984
and 1988 (U.S. Bureau of Mnes 1989). Currently, there is only a single
tin-snelting facility in the United States which produces tin fromtin ore
(U.S. Bureau of Mnes 1989). This facility, located in Texas City, Texas,
produced approximately 3,500 netric tons of tin in 1988 fromtin ore
concentrates (donmestic and inported) and recovered tin (U S. Bureau of M nes
1989).

Twenty-five percent of the tin used in the United States is recovered
fromscrap materials containing tin. This secondary production occurs in the
eastern parts of the United States at 7 detinning plants and 162 processing
plants (U S. Bureau of Mnes 1989). The U S. Bureau of Mnes (1989) estinated
that the 1989 consunption of primary tin in the United States will be 39, 000
metric tons, nost of which will be nmet by inmports and the donestic recovery of
tin fromscrap materials.

4.2 | MPORT/ EXPORT

Tin and tin ore quantities inmported to the United States for consunption
were 39,704 netric tons in 1986 (HSDB 1989), 44,103 in 1987 and estimated at
41,000 netric tons for 1988 (U. S. Bureau of M nes 1989).

No data were located regarding the inmport of tin conpounds.

The United States export of tin ingots, pigs, and bars has varied
between 1,300 and 1,550 netric tons per year between 1984 and 1988 (U. S.
Bureau of M nes 1989).

No data were |l ocated regarding the export of tin conpounds.
4.3 USE

The principal use of tin is in the making of containers (HSDB 1989),

i ncludi ng aerosol cans and m scel | aneous food and beverage contai ners (WHO
1980). Tin is also used as a reducing agent in chemical processes and in the
producti on of other conmpounds such as stannous chloride, stannic oxide, and in
t he production of organotin conpounds (HSDB 1989; WHO 1980). Tin is used to
coat copper wire, and as a soldering material. Alloys of tin are used to make
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dental materials (silver-tin-nercury) (WHO 1980), nucl ear reactor components
(tin-zirconium, aircraft conponents (tin-titaniun) (WHO 1980), bronze
(copper-tin), and brass (HSDB 1989). Tin is the principal conponent of

pew er .

I norganic tin conpounds are used in the glass industry where they are
used to give added strength to glass. lInorganic tin conpounds al so serve as
the base for the formulation of colors, as catalysts, and in perfunes and
soaps (WHO 1980).

Stannic oxide (cassiterite) is used as a polishing conpound for both
glass and netal. It is also used to produce nmilky or colored glass and is
used in the forrmulation of fingernail polish (Wndholz 1983).

Organotin conpounds have various industrial uses. Disubstituted
organotins are used in the production of plastics including food wap where
they act as stabilizers at 0.5% 2.0% by wei ght (WHO 1980). Disubstituted
organotins are added to pol yurethane foans and silicone to increase their
strength and to mnimze stickiness and odors (VWHO 1980).

Trisubstituted organotins are useful biocides in agriculture and
i ndustry. They function as fungicides, bactericides, antihelmnthics, and
rodent repellents (WHO 1980). Tributyltins are used as antifoulants in marine
pai nts but are restricted by the Organotin Antifouling Paints Control Act
(June 16, 1988) which limts the type of vessel on which these paints can be
used and sets acceptable release limts (U S. Bureau of M nes 1989).
Bis(tributyltin)oxide is used as a preservative for wood products, |eather,
ropes, fabrics, and paper.

4.4 DI SPCSAL

Tin-containing wastes in the formof salts, slags, and nuds are
generated as a result of snelting, refining, and detinning processes (VWHO
1980). Solid wastes containing tin are generated by both donestic and
i ndustrial users of containers (WHO 1980). Tin-contai ning wastes nay be
i nci nerated or disposed of in landfills (WHO 1980).

Tin is not listed as a hazardous waste constituent by the Environnental
Protecti on Agency and therefore its disposal is not restricted by federal |and
di sposal restrictions. No data were |ocated regardi ng the amounts of tin
di sposed of by any neans or trends in the disposal of tin.
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5.1 OVERVI EW

Tin is a naturally-occurring element found in environmental media in
i norgani ¢ and organi c compounds. Tin nay be rel eased to the environnent from
nat ural and ant hropogeni ¢ sources. The npbst significant rel eases of tin are
fromburning of fossil fuels and industrial production and use of tin. Tin
conmpounds are generally only sparingly soluble in water and are likely to
partition to soils and sedi nents. Photodegradati on and bi odegradati on of
organotins may occur at relatively slow rates. Organotin conmpounds nay be
significantly bioconcentrated by aquatic organi smns.

Anbi ent environnmental levels of tin are generally quite |ow, except in
the vicinity of pollution sources. Humans may be exposed to tin by
i nhal ati on, ingestion, or dermal absorption. However, human exposure to tin
is primarily by ingestion of food, especially canned food products.

Cccupational exposure to tin may be significant in sone industrial
envi ronment s.

The EPA has identified 1,300 NPL sites. Tin has been found at 11 of the
1,177 evaluated sites. As nore sites are evaluated by the EPA, the nunber nmay
change (View 1989). The frequency of these sites within the United States can
be seen in Figure 5-1|

5.2 RELEASES TO THE ENVI RONMENT

Rel eases of tin to environnental nedia may occur fromthe production and
use of tin and tin conpounds. However, neither tin nor any tin conpounds are
listed on the SARA Section 313 toxic chemcal list and, therefore, are not
included in the Toxics Rel ease Inventory (TRI).

5.2.1 Air

Tin may be released to the atnosphere from both natural and
ant hr opogeni ¢ sources. Tin is a conponent of many soils and inorganic tin
conmpounds may be released in dusts fromw nd storns, roads, and agricul tural
activities. Gases, dusts, and funes containing tin nmay be rel eased from
snelting and refining processes, other industrial uses of tin and burning of
fossil fuels (WHO 1980). Davison et al. (1974) reported the tin content of
airborne fly ash from coal - burni ng power plants ranged from7 to 19 ug/g. No
other quantitative data on tin releases to air in the United States were
| ocated, but worldwi de emissions of tin to the atnosphere fromcoal and oi
conbustion, refuse incineration, and copper/nickel production facilities were
estimated at 1,470-10,810 netric tons in 1983 (Nriagu and Pacyna 1988).



FIGURE 5—1. FREQUENCY OF NPL SITES WITH TIN CONTAMINATION *
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5.2.2 Water

Rel eases of tin to water may occur fromindustrial facilities snelting,
refining, or using tin (WHO 1980). Organotins nmay be rel eased from
agricultural uses or fromtheir use as antifouling coatings on ships, and
stabilizers in polyvinyl chloride plastic (EPA 1982a, 1988c; WHO 1980). No
guantitative data were | ocated regarding tin releases to water in the United
States. However, the Organotin Antifouling Paints Control Act of 1988
restricts United States organotin paint usage on ships to those which do not
exceed a release rate of 4 ug organotin/cnf/ day (EPA 1988c).

El evated tin levels have been detected in both surface and groundwater
at hazardous waste sites. Data fromthe Contract Laboratory Program (CLP)
Statistical Database indicate tin occurred at about 21% of the sites sanpled
at a geonetric nean concentration of about 50 ug/L (CLPSD 1989). The CLP
dat abase includes data from both NPL and non-NPL sites. These val ues nay be
underestinates, since nonitoring for tin was discontinued before 1986.

5.2.3 Soi

Tin may be released to soil fromorganotin pesticide usage and
landfilling of tin-containing wastes, including used cans and organotin-
containing plastics (WHO 1980).

More than 5,000 tons of organotins were released, primarily to
landfills, in the United States in 1976 (Laughlin and Linden 1985).
Addi tional releases to soil may occur by disposal of fly ash from coal
conmbustion or |and. application of sewage sl udge.

Tin was detected in soil sanples at 36% of 455 hazardous waste sites at
a geonetric nmean concentration of 30 ng/ kg (CLPSD 1989). The CLP dat abase
i ncludes data fromboth NPL and non-NPL sites. These val ues may be
underestinates, since nonitoring for tin was discontinued before 1986.

5. 3 ENVI RONMENTAL FATE
5.3.1 Transport and Partiti oning

Tin may be transported in the atnosphere by the rel ease of particulate
matter derived fromthe conbustion of fossil fuels and solid wastes. The
vapor pressure of elenental tin is negligible (Cooper and Stranks 1966). Tin
in aerosol sanples that existed in particul ate-carbon masses was renoved from
t he at nosphere predom nantly by gravitational settling (Byrd and Andreae
1986). The half-life of airborne particles is usually on the order of days,
dependi ng on the size of the particle and atnospheric conditions (Nriagu
1979). Renoval by washout mechani snms (such as rain) is thought to be
uni nport ant.
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However, there is little information on the potential for organotins to
vol atilize fromwater. There was no indication that tributyltin in water
partitioned to the air during a 62-day period whereas 20% of the water
evaporated (Maguire et al. 1983).

It has been specul ated that the vapor pressures of sone organotin
conpounds may be hi gh enough such that they could partition to the atnobsphere
(Donard and Weber 1988; WHO 1980), but no actual neasurenents were avail abl e.
The vapor pressure of one organotin, bis(tributyltin) oxide was estimated to
be 8.4x10" atm and essentially nonvolatile (Maguire et al. 1983).

Met hyltins were not detected in rain-water sanples (Byrd and Andreae 1986).

Tin in anbient waters nay exi st as divalent cationic (positively
charged) ions (Sn*) or as quadrival ent ions (Sn*). Stannous tin (Sn®*)
dom nates in reduced (oxygen-poor) water, and will readily precipitate as a
sulfide (SnS) or as a hydroxide (Sn(OH),) in alkaline water. Stannic tin
(Sn*) readily hydrolyzes, and can precipitate as a hydroxi de (Wedepohl et al
1978). The solubility product of Sn(OH), has been neasured as approximately
10* g/L at 25°C (Wedepohl et al. 1978).

The solubilities of organotin conmpounds in water are not well known. At
anmbi ent tenperatures, their solubilities range from 10 pg/L to about 50 ng/L
(Laughlin and Linden 1985; WHO 1980). It has been estinmated that the
solubility of bis(tributyltin) oxide ranges fromO0.7 to 7 ng/L at pH 6
(Maguire et al. 1983).

Tinin water may partition to soils and sedinents. Cations such as Sn*
and Sn* will generally be adsorbed by soils to some extent, which reduces
their nmobility. Tin is generally regarded as being relatively imobile in the
envi ronment (WHO 1980). However, tin nmay be transported in water if it
partitions to suspended sedi nents (Cooney 1988), but the significance of this
mechani sm has not been studied in detail

The adsorption-desorption properties of inorganic tin have not been
studied, and little information is available for organotins. Many organotins
occur in water as cations, and would be expected to partition to soils and
sedi ments. A partition coefficient of about 2,180 at 20°C was cal cul ated by
Maguire et al. (1985) to estimate the adsorption of tributyltin ions (as
Bu,Sn") by | ake sediments. These investigations also concluded that the
half-1ife of the desorption reaction was about 10 nonths, indicating that
tributyltin can be strongly retai ned by sedinments. O her studies (Cooney
1988; EPA 1988a; Strand 1983) have specul ated that organotins may be bound by
soil, but no additional information was | ocated.

Tin may partition fromwater to aquatic organi sns. An octanol /water
partition coefficient (K, describes the partitioning of an organic chenica
bet ween octanol and water. Cctanol is believed to best imtate the fatty
structures in plant and ani mal tissues (Kenaga and Goring 1980). The K, of
tributyltin at pH 6 was reported as about 1,585 by Maguire et al. (1983). The
nost accurate K, for tributyltin in sea water was 5,500 (Laughlin and Linden
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1985) and Tsuda et al. (1986) reported that the K, of seven organotin
compounds ranged from9 to 4,571. The magni tude of these val ues suggest that
organotins can partition to fat tissues significantly, depending on the
speci fi ¢ compound

A bi oconcentration factor (BCF) relates the concentration of a chemca
in plants and aninmals to the concentration of the chemical in the nediumin
which they live. It was estimated that the BCFs of inorganic tin were 100,
1,000, and 3,000 for marine and freshwater plants, invertebrates, and fish,
respectively (Thonpson et al. 1972). Marine al gae can bioconcentrate stannic
tin by a factor of 1,900 (Seidel et al. 1980). No other experinentallyderived
BCFs for inorganic tin were |ocated. The BCF of tributyltin was
estimated to be 473, but neasured BCFs were al ways hi gher (Laughlin and Linden
1985). Bioconcentration factors for bis(tributyltin)oxide with marine oysters
were neasured as 2,300 to 11,400 (Wl dock and Thain 1983). A BCF of 30, 000
was estimated by Maguire et al. (1984) for the bioconcentration of tributyltin
cation Bu,Sn+ by freshwater green al gae. Seven-day BCFs were derived for
seven organotin conpounds for nuscle, liver, kidney, and vertebra tissue of
carp (Tsuda et al. 1986). The BCFs ranged from 12 to 5,012; the highest
factors were found for tributyltins. However, these factors were not based on
st eady-state conditions, and nmay be |ow estimates. No information was | ocated
on the food chain and bi omagnification of inorganic or organic tin.

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

No information was |ocated on the transfornati on or degradation of tin
conmpounds in the atnosphere.

5.3.2.2 Water

There is no evidence that the val ence of inorganic tin is influenced
directly by mcrobial processes (Cooney 1988). It has been established that
inorganic tin can be transformed into organonetallic fornms by m crobia
net hyl ation (Hallas et al. 1982). Inorganic tin may al so be converted to
stannane (H,Sn) in extrenmely anaerobic (oxygen-poor) conditions by macroal gae
(Donard and Weber 1988).

It has been reported that | ow concentrations of tributyltin fluoride
were readily transforned to tributyltin chloride in sea water (Strand 1983).
Tributyltin has been shown to undergo sl ow photolysis (Maguire et al. 1983).
The half-life of the photolysis reaction was estimated to be greater than
89 days. The direct photolysis of tributyltinin water initiates a sequenti al
renoval of the butyl groups, leading to inorganic tin as a residual. The
reacti on was nmuch faster in the presence of fulvic acid (a maj or conponent of
soil organic matter).
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The bi odegradation of organotins in water may or may not be a sl ow
process. Under |aboratory conditions, Maguire and Tkacz (1985) estinmated that
the half-life of tributyltin in water was about 35 weeks in the dark, and like
photol ytic reactions, involved debutylation. They concluded that tributyltin
was a fairly persistent chemical in the environnent. The overall half-life of
tributyltin (photolysis and biodegradation) in water was estimted to be on
the order of nonths in Canadian | akes. However, the half-life of tributyltin
inriver waters in Georgia was estinmated to be between 3 and 13 days (Lee
et al. 1989). The degradation of the chem cal was attributed to m croal gae
whereas direct photolysis did not appear to be inportant. The half-life of
tributyltin via degradation by algae in water/sedi nent m xtures was esti nmated
to be about 25 days (Maguire et al. 1984), but the concentration of al gae used
in the experinment was nmuch greater than that expected in | akes (Mguire and
Tkacz 1985).

5.3.2.3 Soi

Organotins nmay al so be slowy biodegraded when in contact with soils and
sedi ments. Al kane-utilizing bacteria were isolated fromsoil that could
degrade the tributyl forms to di- and nonobutyltin, but further breakdown was
not observed.

5.4 LEVELS MONI TORED COR ESTI MATED | N THE ENVI RONMVENT
5.4.1 Air

Tin is detected in air infrequently at |ow concentrations, except in the
vicinity of industrial sources. Air concentrations in United States cities
ranged from bel ow the detection limt to 0.8 pug/ni in several studies (WHO
1980). Average concentrations are generally <0.1 pg/ni, with the higher
concentrations near sone industrial facilities (EPA 1982a; WHO 1980). In sone
studies, tin was not detected in 40%to nore than 50% of sanples (WHO 1980).
At nospheric tin is associated with particulate matter and peak concentrations
were found on smaller respirable particles (1 to 3 um (WHO 1980).

5.4.2 Water

Tin occurs in trace anpunts in natural waters. However, it is seldom
measured and only infrequently detected, since concentrations are often bel ow
the detection limt (NAS 1977; WHO 1980). In surface waters, tin was detected
inonly three of 59 sanples from 15 United States and Canadi an rivers at
concentrations ranging from1.3 to 2.1 pg/L, and not detected in 119 sanpl es
from?28 United States rivers. A nmean tin concentration of 0.038 pg/L was
reported for surface water in Miine (NAS 1977; WHO 1980). Organotin
concentrations in the Detroit and St. Clair R vers ranged fromnot detected to
0.11 pg/L (Maguire et al. 1985).
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Tin concentrations in public water supplies reportedly ranged from1.1
to 2.2ug/L in 42 United States cities and from0.8 to 30 pug/L in 32 of 175
water supplies in Arizona (NAS 1977; WHO 1980). Tin is present in seawater at
about 0.2-3 pg/L (NAS 1977; WHO 1980).

Tributyltin has been nonitored in harbor areas due to concern about
rel ease of this conpound to water fromantifouling paints and its toxicity to
aquatic life. Concentrations reported ranged fromnot detected to 0.8 nug/L
(EPA 1988c). Reported total organotin concentrations in surface water ranged
fromO to 900 ng/L (EPA 1982a).

5.4.3 Soi

Tin concentrations have been reported in sewage sludge from 23 United
States cities ranging from11l to 1,300 ng/kg (Munma et al. 1984). Organotin
concentrations in sedinents fromthe Detroit and St. Cair Rivers ranged from
not detected to 0.036 ng/kg (Maguire et al. 1985).

Soil concentrations of tin generally range up to 200 ng/ kg, but in areas
of high tin deposits levels of 1,000 ng/kg may occur (Schafer and Fenbert
1984; WHO 1980). Mean background soil concentration in the U S is 0.89 ng
tin/ kg (Eckel and Langl ey 1988).

5.4.4 O her Environnental Media

Most natural foods contain small anmounts of tin but canned foods may
have significant tin levels (NAS 1977; WHO 1980). Tin concentrations in fresh
neats, cereals, and vegetables reportedly range fromO0.1 to 1.0 ng tin/kg
(Schafer and Fenfert 1984). However, concentrations of tin ranging from1.8
to 500 ng/ kg have been reported in canned foods (Schafer and Fenfert 1984;
Sherl ock 1987), with usual values below 100 ng/ kg (NAS 1977). Foods fromall -
| acquered cans usually had tin concentrations bel ow 25 ng/ kg (WHO 1980).
Current data fromthe Can Manufacturers Institute (CML 1988) indicate that
nore than 90% of tin-lined cans used for food today are | acquered. Only |ight
colored fruit and fruit juices are packed in unlacquered cans, since tin hel ps
mai ntain the color of the fruit.

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Human exposure to tin may occur by inhalation, ingestion, or derma

contact. However, exposure of the general population occurs primarily by

i ngestion of food (NAS 1977; WHO 1980). Estinmates of daily dietary tin intake
range from1l ng for diets consisting nainly of fresh neats, vegetables, and
cereals, to 38 ng fromdiets including a high proportion of canned foods
(Schafer and Fenfert 1984; WHO 1980). The average daily tin intake of an

adult in the United States was estimated at 4.003 ng; 4 ng fromfood, 0.003 ny
fromair, and with undetectable | evels contributed by drinking water (EPA
1987a; WHO 1980). Ot her estimates of human daily intake range fromO0.2 to

17 ng (Kl aassen et al. 1986; Krigman and Silverman 1984). Tin was detected in
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hunan adi pose tissue sanples during the 1982 National Hunman Adi pose Ti ssue
Survey at concentrations ranging from8.7 to 15 pug/g (Stanley 1986).

Cccupati onal exposures to tin may be substantial. Inhalation or derna
exposure to triphenyltin | eachate, used in fungicides and insecticides, nmay
occur during both manufacturing and application (NAS 1977; WHO 1980). Workers
in the nunerous industries producing or using inorganic tin or organotin
compounds (Section 4.3) may al so be exposed. The National Institute for
Cccupational Safety and Health estimated that 730,000 workers in the United
States were potentially exposed to tin in the workplace in 1980 (NCES 1989).
The NOES dat abase does not contain information on the frequency,
concentration, or duration of exposure to workers to tin or any of its
conmpounds. These surveys provide only estimates of nunber of workers
potentially exposed to chemicals in the workpl ace.

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

Potentially high inhal ati on exposures to tin and its conmpounds nay occur
in the workplace or in agricultural uses of tin conpounds.

I ndi vi dual s who eat canned foods as a mgjor portion of their diets or
who store food, especially acidic foods, in opened cans may have potentially
above- average exposure to inorganic tin by ingestion. In addition, those
popul ations |living near hazardous waste sites where high levels of tin have
been detected may be exposed to hi gher than background |l evels of tin.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adninistrator of
ATSDR (in consultation with the Administrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of inorganic tin or organotin conpounds is avail able. Were
adequate information is not available, ATSDR in conjunction with the NTP, is
required to assure the initiation of a programof research designed to
determne the health effects (and techni ques for devel opi ng nethods to
determ ne such health effects) of inorganic tin or organotin conpounds.

The follow ng categories of possible data needs have been identified by
a joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
subst ance-specific informati onal needs that, if met, would reduce or elimnate
t he uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.
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5.7.1 Data Needs

Physi cal and Chemical Properties. The chenical behavior of nost of the
common organotin conmpounds in environnmental |l y-rel evant nedia are not well
known. There is a need to nmeasure the solubility and vapor pressure of the
nore inportant organotin conpounds in order to provide a nore reliable basis
for predicting their fate in the environnent.

Production, |nport/Export, Use, and Disposal. Production volunes and
uses of tin and tin conmpounds are well-docunented (HSDB 1989; U.S. Bureau of
M nes 1989; WHO 1980). However, data on rel eases, disposal practices, and
possi bl e environnental contanination fromuses of tin and its conpounds are
limted. Since tinis not on the TRl and is not listed as an EPA hazardous
waste constituent, current data are not available on industrial releases or
di sposal practices. Information on rel eases or disposal practices, and
current quantitative data on | eaching of inorganic and organic fornms of tin
into foods fromtin-lined cans and pol yvinyl chloride packaging materials
woul d be useful in assessing potential human exposure to tin conpounds.

Envi ronnental Fate. Few data are available on the partitioning,
transport, or transformation of tin conpounds. Fromthe information avail able

it appears likely that both inorganic and organotin will partition to soils
and sedinents, but will not volatilize fromwater (Cooney 1988; Mguire et al
1983, 1985; WHO 1980). Little is known about the degradation or
transformation of tin conmpounds in air, water, or soil. The infornmation that

is available is at best sem -quantitative and geographically-specific (Lee
et al. 1989; Maguire et al. 1983, 1984; Maguire and Tkacz 1985). Research on
physi cal and bi ol ogi cal processes in water and at sedi ment-water interfaces
woul d be particularly helpful to nore accurately predict the fate of tin
compounds rel eased to the environnent.

Bi oavailability from Environmental Media. Inorganic tin is not well
absorbed after inhalation, oral, and derrmal exposure. Organotins are sonewhat
better absorbed by both the inhalation and oral routes, but dermal absorption
is not considered inmportant (Hiles 1974; Mori et al. 1984). The daily intakes
of tin fromair, food, and water are small (WHO 1980). Studies on the
availability of tin conpounds fromsoils would be useful in assessing human
exposure fromingesting contam nated soils. Further study of human intake of
organoti n conpounds from food and water woul d al so be useful

Food Chai n Bioaccurul ation. It has been established that organotins can
be bi oconcentrated by aquatic organisns in marine environments (Laughlin and
Li nden 1985; WAl dock and Thain 1983). Sinmilar information for terrestrial
ecosystens woul d be useful. Inorganic tin conmpounds may al so be
bi oconcentrated but data are limted (Seidel et al. 1980; Thonpson et al.
1972). There is no information available on the potential transfer of
inorganic tin or organotin conpounds from | ower trophic levels to higher
levels. This informati on woul d be useful because studi es have shown that
organotin can be bioconcentrated significantly. However, bioconcentration
properties of individual organotin conpounds would vary.
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Exposure Levels in Environnental Media. Current data on tin levels in

air, water, and food are linmted (EPA 1982a, 1988c; NAS 1977; WHO 1980).

Addi tional information on inorganic and organotin concentrations in all nedia,
especially air, water, and soil at hazardous waste sites, determined by the
nost sensitive anal ytical nethods, would be useful in evaluating human
exposure to tin.

Several estimates concerning the human daily intake of tin have been
reported (EPA 1987; Klaassen et al. 1986; Krignman and Silvernman 1984; WHO
1980). However, these estinmates are not based on recent nonitoring data and
need to be revised in accordance with current data. Since canned food is a
primary source of tin exposure, data on current levels of tin in canned foods
and revised estimates of daily intake would help to better eval uate human
exposure to tin.

Exposure Levels in Humans. Tin has been detected in hunman adi pose
tissue (Stanley 1986), but the data are not current. No data were avail able
on biological nonitoring for tin in other tissues. Biological nonitoring
data, especially for popul ations near hazardous waste sites, would help to
assess human exposure to tin.

Exposure Registries. No exposure registries for tin were |located. This
compound is not currently one of the conmpounds for which a subregistry has
been established in the National Exposure Registry. The conpound will be
considered in the future when chemcal selection is made for subregistries to
be established. The information that is amassed in the National Exposure
Registry facilitates the epidem ol ogi cal research needed to assess adverse
heal th outcomes that nay be related to the exposure to this conmpound

5.7.2 On-going Studies

No on-goi ng studies on the fate, transport, or exposure potential of tin
wer e | ocat ed.
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The purpose of this chapter is to describe the anal ytical nethods that
are avail able for detecting and/or measuring and nonitoring tin in
environmental media and in biol ogical sanples. The intent is not to provide
an exhaustive list of analytical methods that could be used to detect and
gquantify tin. Rather, the intention is to identify well-established methods
that are used as the standard nethods of analysis. Many of the anal yti cal
net hods used to detect tin in environnental sanples are the nethods approved
by federal agencies such as EPA and the National Institute for QOccupati ona
Safety and Health (NIGSH). Ot her nethods presented in this chapter are those
that are approved by groups such as the Association of Oficial Analytical
Chemi sts (AOAC) and the Anerican Public Health Association (APHA).
Additionally, analytical nmethods are included that refine previously used
net hods to obtain |lower detection limts, and/or to inprove accuracy and
pr eci si on.

Tin is usually deternmined as the total metal, but it may al so be
nmeasur ed as specific organotin conpounds. Flane atonic absorption analysis is
the nost wi dely used and straightforward nmethod for deternmning tin; furnace
atom ¢ absorption analysis is used for very |low analyte | evels and inductively
coupl ed plasma atonic em ssion analysis is used for nmultianal yte anal yses t hat
i nclude tin.

6.1 BI OLOG CAL MATERI ALS

Met hods for the determination of tin in biological materials are
sunmari zed in Table 6-1

Normal Iy, for deternination in biological sanples, the sanple is
digested in an oxidizing acid m xture followed by atonic spectronetric
determ nation. Organotin can be extracted from biol ogi cal sanples and
determ ned by atonic spectronetric nethods or gas chronatography, usually
after derivatization.

6. 2 ENVI RONMENTAL SAMPLES

Met hods for determnation of tin in environmental sanples are sumari zed
in Table 6-2.

Tin is readily neasured in multiel enment anal yses of air, water, and
solid waste sanples by inductively coupled plasnma atomi c em ssion
spectroscopy. For individual analyses of tin, direct aspiration atomc
absorption spectroscopy is usually used. Organotin can be extracted from
envi ronnment al sanpl es and determ ned by atom c spectronetric nmethods or gas
chr omat ogr aphy, wusually after derivatization.



TABLE 6-1.

Analytical Methods for Determining Inorganic Tin and Organotin Compounds in Biological Materials

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Total inorganic tin
Biological Digestion of biological Atomic No data No data Angerer and
material? materials spectrometric Schaller 1988
Urine Digest in oxidizing acid, Colorimetry <50 pg/L® 98%-1062% Baselt 1988
extract ketone as the
- cupferon chelate
Urine Extraction with poly- ICP/AES 2 pg/L 100+10X Kneip and Crable 1988
dithiocarbamate resin, recovery
which 1s ashed
Urine Extract with resin, ICP/AES 0.1 pg 100£10X NIOSH 1984a
ash resin
[=)
Food Digest in oxlidizing acid AAS No data No data AOAC 1984b )
Organotins and metabolites :%
Fruit No data Spectro- 0.2 ug -98x Corbin 1970 9
photometry :3
(dithiol o~
method)
»
Biological Homogenized, hydrochloriec acid HPLC/fluor- 0.1-1 ng 91X~100X Yu and Arakawa 1983 -
materials, added, extracted with ethyl escence® =z
tissue acetate 1
=)
Biological Elution stepwise on silica gel AAS 1.5 ng 72.729.32% Iwvai et al. 1981 jas]
materials column ga
[%5]

*A digestion procedure for metals in blological materials applicable to most metals, including tin.
"Estimated from sensitivity and linearity data.
‘Fluorescence detection after derivitization with Morin reagent

AAS = atomic absorption spectroscopy: HPLC = high performance liquid chromatography: ICP/AES = inductively coupled plasma atomic
emission spectroscopy

(AN




TABLE 6-2.

Analytical Methods for Determining Inorganic Tin and Organotin Compounds in Environmental Samples

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Total inorganic
Environmental Digested in oxidizing acid ICP/MS 0.04-50 ng/g 103+3% Brzezinska-Paudyn
and Van Loon 1988
Water Generate hydride with sodium AAS 0.02 pg/L No data Rains 1982
borohydride or electrolytically,
sweep into silica cell heated
to 700°C
Water (aqueous Generate hydride with sodium AAS 0.5 pg/lL No data Thompson and
solution) borohydride or electrolytically, Thomerson 1974
sweep into silica cell heated
to 700°C
Water Acidify with nitriec acid AAS (direct 0.8 mg/L No data APHA 1989c¢
aspiration)
Water Acidify with nitric acid AAS (furnace 5 pg/L No data APHA 1989a
technique)
Water? Acidify with nitric acid ICP/AES No data No data APHA 1989d
Water Acidify with nitric acid AAS (direct 0.8 mg/L No data EPA 1983a
asplration)
Water Acidify with nitric acid AAS (furnace 5 pgl/L No data EPA 1983b
technique)
Sediments, Acid digestion procedure for AAS, Not applicable Not applicable EPA 1986a
sludges, solls subsequent atomic spectrometric ICP/AES
analysis
Waste effluent, Acidify with nitric acid, AAS (direct 0.8 mg/L 96462 EPA 1986b
solid wastes digest if necessary asplration) in water at 4 mg/L
Pesticide Form volatile organotin GC/FID No data No data Basters et al. 1978
formulations derivatives
Organotins
Pesticide Derivatize, extract with GC/FID No data No data AOAC 1984a

toluene

‘9
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TABLE 6-2 (Continued)

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Organotins (Cont.)
Air Adsorbed onto Chromosorb 102 GC/FID 0.05 pg/m® 93.3+9.3% Zimmerli and
desorption with ethereal Zimmerman 1980
hydrochloric acid, methylated
Air Adsorption on filter and AAS (furnace 1 pug No data NIOSH 1984b
XAD-2 resin, desorption technique)
Water Acidified, extracted with GC/FPD 100 pg 9614X to Maguire and
tropoloin benzene, derivatized 10318 Huneault 1981
Water Generate hydrides with sodium AAS 2 ng No data Hodge et al. 1979
borohydride, separate hydrides
by boiling point
(o)
Water Generate hydride derivatives AAS <0.1 pg/L No data Lee et al. 1989 :
tributyltin
Water Extract in n-hexane, produce Fluorescence 0.001-0.5 91.340.6 to  Arakawa et al. 1983
fluorescent morin derivative nmol /mL 99.7+0.5%

recovery

711

*Tin not listed specifically as an analyte, but can be determined by ICP/AES

AAS = atomic absorption spectrometry; GC/FID = gas chromatography/flame ignition detector; GC/FPD = gas chromatography/flame
photometric detector: ICP/AES = inductively coupled plasma atomic emission spectroscopy: ICP/MS = inductively coupled plasma with
mass spectrometrlc detection

SAOHLAW TVOILXTVNV
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6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Admi nistrator of
ATSDR (in consultation with the Administrator of EPA and agenci es and programs
of the Public Health Service) to assess whether adequate infornmation on the
health effects of tin is available. Where adequate information is not
avai l abl e, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a programof research designed to determ ne the health effects
(and techni ques for devel opi ng nethods to determ ne such health effects) of
tin.

The follow ng categories of possible data needs have been identified by
a joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
subst ance-specific informati onal needs that, if met, would reduce or elimnate
the uncertainties of human health assessnment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6. 3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. Sensitive
and sel ective nethods are avail able for the detection and quantitative
nmeasurenent of tin after the sanple matrix in which it is contained has been
properly treated. Atonic spectronetric techniques provide nethods for the
determi nation of tin that have |l ow detection linmits, are highly specific, and
are readily avail able (Angerer and Schaller 1988; AOAC 1984b; Kneip and Crable
1988; NI OSH 1984a). Methods for the determ nation of specific conpounds that
contain tin are nore difficult and | ess well devel oped than are nethods for
the determination of total tin, but this is an inportant concern because of
the wi despread use of organotin conpounds as preservatives in industry and in
ot her applications.

No met hods have been identified that can be used to associate the |evel
and extent of exposure to tin and specific tin conmpounds with levels of tin in
bi ol ogi cal materials such as human tissues or fluids. It would be useful to
have such nethods to nake these correl ations.

Simlarly, no methods have been identified that can be used to directly
associate levels of tin and specific tin conpounds in biological sanples with
the onset of adverse health effects. If such nethods were available, it would
be possible to correlate the level or severity of effects with the |evel and
extent of exposure.

Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronnmental Media. Methods for determning tinin water, air, and waste
sanples with excellent selectivity and sensitivity are well devel oped and
under goi ng constant inprovenent.
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Sampl i ng nmet hodol ogi es for very low | evel elenmental pollutants such as
tin continue to pose problens, including nonrepresentative sanples,
i nsufficient sanple volunmes, contam nation, and |abor-intensive, tedious
extraction, and purification procedures (G een and LePape 1987).

6.3.2 On-going Studies

Exam nation of the literature suggests that studies are underway to

i nprove neans for determining tin and other heavy netals in biological sanples
and environnmental nedia. |nprovenents continue to be nade in detection limts
and ease and speed of anal ysis.
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Because of its potential to cause adverse health effects in exposed

peopl e, a number of regulations and gui delines have been established for tin
by various national and state agencies. These values are summarized in Table 7-1.
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TABLE 7-1. Regulations and Guidelines Applicable to Tin and Compounds
Agency Description Information References
NATIONAL
Regulations:
a. Air:
OSHA PEL TWA OSHA 1989
Inorganic compounds, except oxides, 2 mg/m? (29 CFR
as Sn 1910.1000)
Organic compunds, as Sn 0.1 mg/m® skin Table 2-1-A
Tin oxide, as Sn 2 mg/m®
b. Water:
EPA OWRS General permits under NPDES Yes 40 CFR 122,
Total tin Appendix D,
Table IV
U.S. Congress Organotin Antifouling Paint Control 4 ug organotin/ EPA 1988c¢c
Act of 1988 cm?/day (Pub. Law
100-333)
¢. Food:
FDA Indirect food additives Yes FDA 1989
Adhesives and components of (21 CFR 155.200,
coatings and polymers 172.810,
Dibutyltin oxide, hydroxybutyltin 175.300, oxide,
monobutyltin 177.2420,
tris(2-ethylhexoate, stannous 184.1845)
chloride)
d. Other:
EPA OPP Cancellation/Restriction of Yes EPA 1988c
Registration for Tributyltin
Antifoulants
EPA OSW Groundwater monitoring list Yes EPA 1987c
(Appendix IX) (Total tin) (40 CFR 261)
EPA OTS Health and Safety Reporting Rule Yes EPA 19884
Dibutyltin dilaurate (40 CFR 716.120)
Dibutyltin bis(lauryl mercaptide)
Dibutyltin bis(isooctylmaleate)
Monobutylin tris(isooctyl)
mercaptoacetate
Preliminary Assessment Information Yes 40 CFR 712.30

Reporting Rule

Dibutyltin dilaurate

Dibutyltin bis(lauryl mercaptide)

Dibutyltin bis(isooctylmaleate)

Monobutylin tris(isooctyl)
mercaptoacetate

Dimethyltin $,S’ bis(isooctyl
mercaptoacetate)

Dibutyltin S,S’ bis(isooctyl
mercaptoacetate)

Monomethyltin tris(isooctyl
mercaptoacetate)
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TABLE 7-1 (Continued)

Agency Description Information References

NATIONAL (Cont.)

Guidelines:
a. Alr:
ACGIH TLV TWA ACGIH 1990
Metal 2 mg/m®
Oxide and inorganic compounds, 2 mg/m®
except SnH,, as Sn :
Organic compounds, as Sn 0.1 mg/m* skin
NIOSH REL TWA 2 mg/m’ NIOSH 1990
b. Other:
EPA Carcinogenic Classification EPA 1987
Tin and Compounds
REfD (oral) 0.6 mg/kg/day*
STATE
Regulations and
Guidelines:
a. Air: Acceptable ambient air concentrations, NATICH 1989
as Sn
Connecticut 40 ug/m® (8 hr)
Nevada 4.80E-2 mg/m® (8 hr)
North Dakota 2.0E~2 mg/m’ (8 hr)
Virginia 1.60 pg/m® (24 hr)

* This value is undergoing Agency review, but has not been validated (EPA 1992).

ACGIH = American Conference of Governmental Industrial Hygienists; EPA = Environmental Protection Agency:
FDA = Food and Drug Administration; NIOSH = National Institute for Occupational Safety and Health;

NPDES = National Pollutant Discharge Elimination System; OPP = Office of Pesticide Programs;

OSHA = Occupational Safety and Health Administration; OSW = Office of Solid Waste:; OTS = Office of Toxic
Substances; OWRS = Office of Water Regulations and Standards; PEL = Permissible Exposure Limit;

REL = Recommended Exposure Limit; Sn = tin; TLV = Threshold Limit Value:; TWA = Time-Weighted Average;
U.S. = United States
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |less, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K,) -- The ratio of the anpunt of a chemnical adsorbed
per unit weight of organic carbon in the soil or sedinent to the concentration
of the chemical in solution at equilibrium

Adsorption Ratio (Kd) -- The anpunt of a chem cal adsorbed by a sedi nent or
soil (i.e., the solid phase) divided by the anbunt of chemical in the solution
phase, which is in equilibriumwi th the solid phase, at a fixed solid/solution
ratio. It is generally expressed in mcrograns of chem cal sorbed per gram of
soi |l or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tinme or during a discrete time
peri od of exposure divided by the concentration in the surroundi ng water at
the same tinme or during the sane period.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunors) between the exposed popul ation and its appropriate control.

Carci nogen -- A chemical capabl e of inducing cancer.

Ceiling Value -- A concentration of a substance that should not be exceeded,
even i nstantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat may result from exposure to a chenmical prior to conception
(either parent), during prenatal devel opment, or postnatally to the tinme of
sexual maturation. Adverse devel opnmental effects may be detected at any point
inthe Iife span of the organism.

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemical; the distinguishing feature between
the two ternms is the stage of devel opnent during which the insult occurred.
The terms, as used here, include nmal formations and variations, altered growh,
and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water |evels for a
chem cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and |l ocal officials.

| medi atel y Dangerous to Life or Health (IDLH) -- The naxi mum environnent al
concentration of a contami nant from which one could escape within 30 nin
wi t hout any escape-inpairing synptons or irreversible health effects.
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I nternedi ate Exposure -- Exposure to a chem cal for a duration of 15-364 days
as specified in the Toxicol ogical Profiles.

I munol ogi ¢ Toxicity -- The occurrence of adverse effects on the i Mmune system
that may result from exposure to environmental agents such as chenicals.

In Vitro -- Isolated fromthe living organismand artificially maintained, as
in a test tube.

In Vivo -- Cccurring within the living organi sm

Let hal Concentration(,) (LG, -- The lowest concentration of a chemcal in
air which has been reported to have caused death in humans or aninmals.

Let hal Concentration(,) ( LG, -- A calculated concentration of a chenical in
air to which exposure for a specific length of tinme is expected to cause death
in 50% of a defined experinmental aninmal popul ation.

Let hal Doset(,) (LD, -- The lowest dose of a chemical introduced by a route
other than inhalation that is expected to have caused death in humans or
ani mal s.

Let hal Dose(,) (LD,,) -- The dose of a chenical which has been calculated to
cause death in 50% of a defined experinmental aninmal popul ation.

Lethal Tine(,) (LT,) -- A calculated period of tinme wthin which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experinental ani mal popul ation.

Lowest - Observed- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chenmical in
a study or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control.

Mal formations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function.

M nimal Risk Level -- An estimate of daily human exposure to a chenical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.

Mut agen -- A substance that causes nutations. A nutation is a change in the
genetic material in a body cell. Miutations can lead to birth defects,
nm scarriages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to chem cal

No- Qbserved- Adver se-Ef fect Level (NOAEL) -- The dose of chemical at which
there were no statistically or biologically significant increases in frequency
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or severity of adverse effects seen between the exposed population and its
appropriate control. Effects may be produced at this dose, but they are not
consi dered to be adverse.

Cct anol -Water Partition Coefficient (K )-- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution.

Perm ssi bl e Exposure Limt (PEL) -- An allowabl e exposure | evel in workplace
air averaged over an 8-hour shift.

gl* -- The upper-bound estinmate of the | ow dose sl ope of the dose-response
curve as determined by the nultistage procedure. The q,* can be used to

cal culate an estimate of carcinogenic potency, the increnmental excess cancer
risk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
ug/ nB for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps an
order of magnitude) of the daily exposure of the human popul ation to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetine. The RID is operationally derived fromthe NOAEL (from

ani mal and human studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgment of the entire

dat abase on the chemical. The RfDs are not applicable to nonthreshold effects
such as cancer

Reportable Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are: (1) 1 |lb or
greater or (2) for sel ected substances, an anobunt established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities are
neasured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive
systemthat may result from exposure to a chenical. The toxicity may be
directed to the reproductive organs and/or the rel ated endocrine system The
mani f estati on of such toxicity nmay be noted as alterations in sexual behavior,
fertility, pregnancy outcones, or nodifications in other functions that are
dependent on the integrity of this system

Short - Term Exposure Limt (STEL) -- The maxi mum concentrati on to whi ch workers
can be exposed for up to 15 min continually. No nore than four excursions are
al | oned per day, and there nust be at |east 60 min between exposure periods.
The daily TLV-TWA nay not be exceeded

Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiological systens (e.g., renal, cardiovascul ar) extendi ng
fromthose arising through a single limted exposure to those assuned over a
lifetinme of exposure to a chem cal
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Teratogen -- A chenical that causes structural defects that affect the
devel oprment of an organi sm
Threshold Limt Value (TLV) -- A concentration of a substance to which nost

wor kers can be exposed without adverse effect. The TLV nmay be expressed as a
TWA, as a STEL, or as a CL.

Ti me-wei ghted Average (TWA) -- An all owabl e exposure concentrati on averaged
over a normal 8-hour workday or 40-hour workweek.

Toxic Dose (TD,,) -- A calculated dose of a chenmical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinmental aninmal popul ation.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
fromexperinmental data. UFs are intended to account for (1) the variation in
sensitivity anmong the nenbers of the human popul ation, (2) the uncertainty in
extrapol ating animal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL data
Usual Iy each of these factors is set equal to 10.
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Chapter 1

Public Health Statenent

This chapter of the profile is a health effects sunmary witten in nontechnica
| anguage. Its intended audience is the general public especially people living
in the vicinity of a hazardous waste site or substance release. If the Public
Heal th Statement were renoved fromthe rest of the document, it would stil
communi cate to the lay public essential information about the substance.

The maj or headings in the Public Health Statenent are useful to find specific
topics of concern. The topics are witten in a question and answer format. The
answer to each question includes a sentence that will direct the reader to
chapters in the profile that will provide nore information on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to sumuari ze
health effects by duration of exposure and endpoint and to illustrate
graphically levels of exposure associated with those effects. Al entries in
these tables and figures represent studies that provide reliable, quantitative
estimates of No- Cbserved- Adverse-Effect Levels (NOAELs), Lowest-Cbserved-
Adverse-Ef fect Levels (LOAELs) for Less Serious and Serious health effects, or
Cancer Effect Levels (CELs). In addition, these tables and figures illustrate
di fferences in response by species, Mnimal Ri sk Levels (MRLs) to humans for
noncancer end points, and EPA s estimated range associated with an upper-bound
i ndi vidual lifetinme cancer risk of 1 in 10,000 to 1 in 10, 000,000. The LSE
tables and figures can be used for a quick review of the health effects and to
| ocate data for a specific exposure scenario. The LSE tables and figures should
al ways be used in conjunction with the text.

The | egends presented bel ow denonstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LEGEND
See LSE Tabl e 2-1

(1) Route of Exposure One of the first considerations when review ng the
toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wen sufficient data exist,




(2).

(3).

(4).

(5).

(6).

(7).

(8).

(9)
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three LSE tables and two LSE figures are presented in the docunent. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-1)
and oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or |ess);
internediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of intermedi ate duration exposure is reported

Health Eff ect The major categories of health effects included in

LSE tables and figures are death, system c, inmunol ogical, neurol ogical,
devel oprmental , reproductive, and cancer. NOAELs and LOAELs can be reported
in the tables and figures for all effects but cancer. Systemc effects are
further defined in the "Systent col umm

of the LSE table.

Key to Figure Each key nunber in the LSE table links study information
to one or nore data points using the sane key nunber in the correspondi ng
LSE figure. In this exanple, the study represented by key nunber 18 has
been used to define a NOAEL and a Less Serious LOAEL (al so see the two
"18r" data points in Figure 2-1).

Species The test species, whether animal or human, are identified in this
col um.

Exposure Frequency/Duration The duration of the study and the weekly and
daily exposure reginmen are provided in this colum. This pernmits
conparison of NOAELs and LOAELs fromdifferent studies. In this case (key
nunber 18), rats were exposed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

System This colum further defines the systemc effects. These systens

i nclude: respiratory, cardiovascul ar, gastrointestinal, hematol ogical,
muscul oskel etal, hepatic, renal, and dermal/ocular. "Qther" refers to any
systemc effect (e.g., a decrease in body weight) not covered in these
syst ens. In the exanpl e of key nunber 18, one systenic effect
(respiratory) was investigated in this study.

NOQAEL A No- Cbserved- Adverse-Effect Level (NOAEL) is the highest exposure
| evel at which no harnful effects were seen in the organ system studied
Key number 18 reports a NOAEL of 3 ppmfor the respiratory system which
was used to derive an internmedi ate exposure, inhalation MRL of 0.005 ppm
(see footnote "c").

LOAEL A Lowest- bserved- Adverse-Effect Level (LOAEL) is the | owest
exposure |l evel used in the study that caused a harnful health effect.
LOAELs have been classified into "Less Serious” and "Serious" effects.
These distinctions help readers identify the |evels of exposure at which
adverse health effects first appear and the gradation of effects with

i ncreasing dose. A brief description of the specific end point used to
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guantify the adverse effect acconpanies the LOAEL. The "Less Seri ous"

respiratory effect reported in key nunber 18 (hyperplasia) occurred at a
LOAEL of 10 ppm

(10) Reference The conplete reference citation is given in Chapter 8 of the
profile.

(11) CEL A Cancer Effect Level (CEL) is the |lowest exposure |evel associated
with the onset of carcinogenesis in experinental or epidem ol ogical
studi es. CELs are always considered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text nmmy report doses
whi ch did not cause a neasurable increase in cancer

(12) Footnotes Explanations of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NQAEL of 3 ppmin key nunmber 18 was used to derive an MRL of 0.005 ppm
See LSE Figure 2-1

LEGEND

See LSE Figure 2-1
LSE figures graphically illustrate the data presented in the correspondi ng LSE

tables. Figures help the reader quickly conpare health effects according to
exposure |l evels for particular exposure duration.

(13)

(14)

(15)

(16).

(17)

Exposure Duration The sanme exposure periods appear as in the LSE table.
In this exanple, health effects observed within the intermedi ate and
chroni c exposure periods are illustrated.

Health Eff ect These are the categories of health effects for which
reliable quantitative data exist. The same health effects appear in the
LSE tabl e.

Level s of Exposure Exposure |evels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure levels are
reported on the log scale "y" axis. Inhalation-exposure is reported in
mg/ i or ppm and oral exposure is reported in ng/kg/ day.

NOAEL In this exanmple, 18r NOAEL is the critical end point for which an
i nternmedi ate inhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunber 18 corresponds to the entry in the LSE
table. The dashed descending arrow i ndicates the extrapol ation fromthe
exposure level of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key nunber 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The dianmond synbol refers to a CEL for the test
species (rat). The nunber 38 corresponds to the entry in the LSE table.



(18).

(19).
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Esti mat ed Unner - Bound Human Cancer Risk Levels This is the range
associated with the upper-bound for |ifetime cancer risk of 1 in 10,000
to 1 in 10,000,000. These risk levels are derived fromEPA's Human Heal t h
Assessment Group's upper-bound estinmates of the slope of the cancer dose
response curve at |ow dose levels (cl,*).

Kev to LSE Figure The Key explains the abbreviations and synbols used in
the figure.
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Ei} —»  TABLE 2-1. Levels of Significant Exposure to [Chemical x] - Inhalation
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference

E—» INTERMEDIATE EXPOSURE

oo

18 Rat 13 wk Resp 3b 10 (hyperplasia) Nitschke et al.
5d/wk 1981
éhr/d

CHRONIC EXPOSURE

Cancer

38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
S5d/wk organs)
7hr/d

39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
Sd/wk nasal tumors)
6hr/d

40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

® The number corresponds to entries in Figure 2-1.

[::}——+ b ysed to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 1073 ppm; dose adjusted for intermittent exposure
and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)

Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based
on eval uations of existing toxicological, epidemological, and toxicokinetic
information. This summary is designed to present interpretive,

wei ght - of - evi dence di scussions for human health end points by addressing the
foll owi ng questi ons.

1. What effects are known to occur in humans?

2. \What effects observed in animals are likely to be of concern to
humans?

3. What exposure conditions are likely to be of concern to humans,
especi ally around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then aninmal data. Both are organi zed by route of exposure (inhalation,
oral, and dermal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranuscular, intravenous, subcutaneous,
etc.) are also considered in this section. If data are |ocated in the
scientific literature, a table of genotoxicity information is included.

The carcinogenic potential of the profiled substance is qualitatively

eval uat ed, when appropriate, using existing toxicokinetic, genotoxic, and
carci nogeni c data. ATSDR does not currently assess cancer potency or perform
cancer risk assessnents. MRLs for noncancer end points if derived, and the end
poi nts from which they were derived are indicated and di scussed in the
appropriate section(s).

Limtations to existing scientific literature that prevent a satisfactory
eval uation of the relevance to public health are identified in the
Identification of Data Needs section.

Interpretation of Mnimal Risk Levels

Where sufficient toxicologic informati on was avail able, MRLs were derived. MRLs
are specific for route (inhalation or oral) and duration (acute, internediate,
or chronic) of exposure. ldeally, MRLs can be derived fromall six exposure
scenarios (e.g., Inhalation - acute, -internediate, -chronic; Oal - acute, -
internediate, - chronic). These MRLs are not neant to support regulatory
action, but to aquaint health professionals with exposure | evels at which
adverse health effects are not expected to occur in humans. They shoul d hel p
physi cians and public health officials deternine the safety of a conmunity
living near a substance em ssion, given the concentration of a contamnant in
air or the estimated daily dose received via food or water. MRLs are based
largely on toxicological studies in animals and on reports of hunan

occupati onal exposure.
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MRL users should be famliar with the toxicological information on which the
nunmber is based. #Section 2.4, "Rel evance to Public Health," contains basic
i nformati on known about the substance. Ot her sections such as 2.6,
"Interactions with O her Chemicals" and 2.7, "Popul ations that are Unusually
Suscepti bl e* provide inportant suppl enmental information.

MRL users shoul d al so understand the MRL derivation net hodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by the
Envi ronnental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to
derive reference doses (RfDs) for lifetinme exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best

j udgenment, represents the npbst sensitive humanhealth effect for a given
exposure route and duration. ATSDR cannot nake this judgenent or derive an MRL
unl ess information (quantitative or qualitative) is available for all potentia
effects (e.g., system c, neurol ogical, and devel opnental). In order to conpare
NOQAELs and LOAELs for specific end points, all inhalation exposure levels are
adj usted for 24hr exposures and all intermttent exposures for inhalation and
oral routes of internediate and chronic duration are adjusted for continous
exposure (i.e., 7 days/week). If the information and reliable quantitative data
on the chosen end point are available, ATSDR derives an MRL using the nost
sensitive species (when information fromultiple species is available) with the
hi ghest NOAELt hat does not exceed any adverse effect |evels. The NOAEL is the
nost suitable end point for deriving an MRL. Wien a NOAEL is not available, a
Less Serious LOAEL can be used to derive an MRL, and an uncertainty factor (UF)
of 10 is enployed. MRLs are not derived from Serious LOAELs. Additiona
uncertainty factors of 10 each are used for human variability to protect
sensitive subpopul ati ons (people who are nbst susceptible to the health effects
caused by the substance) and for interspecies variability (extrapolation from
animals to humans). In deriving an MRL, these individual uncertainty factors
are nultiplied together. The product is then divided into the adjusted

i nhal ati on concentration or oral dosage selected fromthe study. Uncertainty
factors used in devel oping a substance-specific MRL are provided in the
footnotes of the LSE Tabl es.



ACGE H
ADME
ATSDR
BCF
BSC

CERCLA
CFR
CLP
cm

DHEW
DHHS

ECG
EEG
EPA
EKG
FAO
FENVA
FI FRA

HPLC
hr
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ACRONYMS, ABBREVI ATI ONS, AND SYMBCLS

Conference of CGovernnental Industrial Hygienists
Absorption, Distribution, Metabolism and Excretion
Agency for Toxic Substances and Di sease Registry
bi oconcentration factor

Board of Scientific Counselors

Centers for Disease Contro

Cancer Effect Level

Compr ehensi ve Environnmental Response, Conpensation, and
Liability Act

Code of Federal Regul ations

Contract Laboratory Program

centineter

central nervous system

Depart ment of Health, Education, and Wl fare
Depart nent of Health and Human Services

Depart nent of Labor

el ectrocardi ogram

el ect r oencephal ogram

Envi ronnental Protection Agency

see ECG

Food and Agricultural Oganization of the United Nations
Federal Enmergency Managenent Agency

Federal |nsecticide, Fungicide, and Rodenticide Act
first generation

feet per mnute

f oot

Federal Register

gram

gas chromat ogr aphy

hi gh performance |iquid chromatography

hour

| medi at el y Dangerous to Life and Health
International Agency for Research on Cancer
International Labor Organization

i nch

adsorption ratio

ki | ogram

octanol -soil partition coefficient

octanol -water partition coefficient

liter

i quid chromatography

| et hal concentration | ow

| ethal concentration 50 percent Kill

| et hal dose | ow

| et hal dose 50 percent Kil

| onest - obser ved- adverse-effect |evel

Level s of Significant Exposure

nmet er



g
nmn
mL

nmm
mol
mppc f
VRL
(VS

NI EHS
NI GSH
NI GSHTI C
run
ng
NHANES
nnol
NOAEL
NCES
NCHS
NPL
NRC
NTI S
NTP
OSHA
PEL
pPg
prol
PHS
PMR
ppb
ppm
ppt
REL
Rf D
RTECS
sec
SCE
SIC
SMR
STEL
STORET
TLV
TSCA
TRI
TWA

U S.

IVV§C
5
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mlligram
m nut e
mililiter
mllineters
mllinole

mllions of particles per cubic foot

M ni mal Ri sk Level

mass spectroscopy

National Institute of Environmental Health Sciences
National Institute for Cccupational Safety and Heal th
NI OSH s Conputerized Infornmation Retrieval System
nanomnet er

nanogr am

Nati onal Health and Nutrition Exami nation Survey
nanonol e

no- observed- adver se-effect |evel

Nati onal Cccupational Exposure Survey

Nati onal COccupational Hazard Survey

National Priorities List

Nat i onal Research Counci

Nati onal Technical Information Service
Nati onal Toxi col ogy Program

Cccupational Safety and Health Administration
perm ssi bl e exposure limt

pi cogram

pi conol e

Public Health Service

proportional nortality ratio

parts per billion
parts per mllion
parts per trillion

recomrended exposure limt

Ref erence Dose

Regi stry of Toxic Effects of Chemi cal Substances
second

sister chromatid exchange

Standard Industrial Cassification
standard nortality ratio
short-term exposure limt

STORAGE and RETRI EVAL

threshold lint val ue

Toxi ¢ Substances Control Act

Toxi ¢ Rel ease | nventory

ti me-wei ghted average

United States

uncertainty factor

Wrld Health Organization

greater than

greater than or equal to
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equal to

| ess than

| ess than or equal to
per cent

al pha

bet a

delta

gamma

nmi cron

ni crogram
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PEER REVI EW

A peer review panel was assenbled for tin. The panel consisted of the
followi ng nenbers: Dr. Hugh L. Evans, Director, Laboratory for Behaviora
Toxi col ogy, Institute of Environmental Medicine, New York University Medica
Center; Dr. Joseph P. Gould, Research Scientist, School of Civil Engineering,
Georgia Institute of Technol ogy; and Dr. Elizabeth T. Snow, Assistant
Professor, Institute of Environmental Medicine, New York University Mdica
Center. These experts collectively have know edge of tin's physical and
chem cal properties, toxicokinetics, key health end points, mechani snms of
action, human and ani mal exposure, and quantification of risk to humans. All
reviewers were selected in confornmity with the conditions for peer review
specified in Section 104(i)(13) of the Conprehensive Environnmental Response,
Conmpensation, and Liability Act as anended.

Scientists fromthe Agency for Toxic Substances and Di sease Registry
(ATSDR) have reviewed the peer reviewers' comments and determ ned which
comrents will be included in the profile. Alisting of the peer reviewers
comrents not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the adm nistrative record for
this compound. A list of databases reviewed and a |ist of unpublished
docunents cited are also included in the adm nistrative record.

The citation of the peer review panel should not be understood to inply
its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR
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